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Unleaded Aviation Gasoline Transition  
Aviation Rulemaking Committee (ARC) Membership 

March 2011 – January 2012 
Organization Name 
FAA – Engine & Propeller Directorate, Aircraft Certification Service Peter White, Sponsor 

FAA – Engine & Propeller Directorate, Aircraft Certification Service Robert Ganley, FAA Co-Chair 

General Aviation Industry Engineering Consultant 
 

Ron Wilkinson, Industry Co-
Chair 

FAA - Engine & Propeller Directorate, Aircraft Certification Service 
 

Mark Rumizen 

FAA – Emission Division, Office of Environment and Energy 
 

Warren Gillette 

FAA - Aviation Research & Technology Development Office, 
William J. Hughes Technical Center 

Dave Atwood 

EPA – Environmental Protection Agency Mike Samulski/Rich Wilcox / 
Glenn Passavant/Matt Spears 

AOPA – Aircraft Owners and Pilots Association Rob Hackman 

GAMA – General Aviation Manufacturers Association Walt Desrosier 

EAA – Experimental Aircraft Association Doug Macnair 

Lycoming 
 

Mike Kraft 

Continental Motors  Johnny Doo 

Cirrus Aircraft 
 

Paul Fiduccia 

Cessna Aircraft Nathaniel Diedrich 

API – American Petroleum Institute 
 

Prentiss Searles 

Shell 
 

Rob Midgley 

ExxonMobil 
 

Roger Gaughan 

NATA – National Air Transportation Association Mike France 

Swift Enterprises 
 

Jon Ziulkowski 

GAMI - General Aviation Modifications, Inc. Tim Roehl 

Clean 100 Coalition Robert Ragar/Jon Sisk 
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LIST OF ABBREVIATIONS  

 

AC       Advisory Circular (FAA) 

AFM     Airplane Flight Manual 

AFPM    American Fuel & Petrochemical Manufacturers 

AOPA     Aircraft Owners & Pilots Association 

API      American Petroleum Institute 

ARC      Aviation Rulemaking Committee 

ARL      Aviation Gasoline Readiness Level 

ASTM     American Society for Testing and Materials 

AVGAS    Aviation Gasoline 

BMEP    Brake Mean Effective Pressure  

CAA      Clean Air Act 

CAAFI    Commercial Aviation Alternative Fuels Initiative 

Cert      Certification (FAA) 

C&Q     Certification & Qualification 

CRC      Coordinating Research Council 

DAH     Design Approval Holder (FAA) 

DEPLOY   Deployment Stage (PAFI) 

EAA      Experimental Aircraft Association 

E&T      Environment & Toxicology 

EPA      Environmental Protection Agency 

EXP      Experimental 

FAA      Federal Aviation Administration 

FAA EPD   FAA Engine & Propeller Directorate 

FAA OEE   FAA Office Environment & Energy 

FAA TC    FAA Tech Center 

FAR      Federal Aviation Regulation 

FBO      Fixed Base Operator 

FFP      Fit for Purpose  

FOE      Friends of the Earth 
FRL      Fuel Readiness Level 

GA      General Aviation 

GAMA    General Aviation Manufacturers Association 

GARA     General Aviation Revitalization Act 
I&E      Impact & Economics  

IFS       Initial Flight Screening (USAF) 
MOA     Memorandum of Agreement 

MON     Motor Octane Number (ASTM D 2700) 
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MSDS     Material Safety Data Sheet 

MTBE     Methyl-Tertiary Butyl Ether 

NAAQS    National Ambient Air Quality Standard 

NATA     National Air Transportation Association 

ODC     Other Direct Costs 

OEE      Office of Environment & Energy (FAA) 

OEM     Original Equipment Manufacturer 

OSHA     Occupational Safety and Health Administration 

PAFI     Piston Aviation Fuel Initiative 

P&D     Production & Distribution 

Pb       Lead (chemical symbol) 

PC       Production Certificate (FAA) 

PN       Performance Number (ASTM D 909) 

POH     Pilot Operating Handbook 

PREP     Preparatory Stage (PAFI) 

PROJ     Project Stage (PAFI) 

PSG      PAFI Steering Group 

RFM     Rotorcraft Flight Manual 

RFP      Request for Proposal (FAA) 

RGL      Regulatory and Guidance Library (FAA) 

SAE      Society Automotive Engineering 

SAIB     Special Airworthiness Information Bulletin (FAA) 

S-LSA     Special Light Sport Aircraft 

SME     Subject Matter Expert 

SR       Supercharged Rich 

STC      Supplemental Type Certificate (FAA) 

Subcon    Subcontract 

TC       Type Certificate (FAA) 

TCDS     Type Certificate Data Sheet (FAA) 

T&E      Test & Evaluation 

TEL      Tetraethyl Lead 

UAT ARC   Unleaded AVGAS Transition Aviation Rulemaking Committee 
UL       Unleaded 

VLL      Very Low Lead 

100LL     100 Octane Low Lead AVGAS 
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CAAFI Overview  

Alternative fuels are a global priority not only with aviation gasoline but also in the area of jet 
(turbine) fuel. The Commercial Aviation Alternative Fuels Initiative (CAAFI) is an aviation industry 
coalition which has been established to facilitate and promote the development and deployment 
of alternative aviation fuels for commercial aviation.  The FAA, the Airport Council International-
North America (ACI-NA), the Airlines for America (A4A, formally the Air Transport Association for 
America, ATA), and the Aerospace Industries Association (AIA) are the four organizations which 
form the leadership of CAAFI. The FAA serves as the sponsor; an executive director is funded by 
the FAA.  The public may access information on CAAFI at www.caafi.org.  

Significance of CAAFI is the implication of serving as a model for a similar or a derivative 
framework for unleaded aviation gasoline; however, there are significant differences between the 
jet fuel and aviation gasoline communities and technical aspects.  CAAFI works with a drop in 
replacement fuel.  A work product of CAAFI has been the definition of fuel readiness levels (FRL) 
which have similar significance for aviation gasoline. The following chart identifies the CAAFI FRL. 

 

 

Unleaded Avgas Transition ARC
11Federal Aviation

AdministrationMarch 17, 2011

Mark Rumizen, ANE-110

Fuel Readiness Levels (FRL)

FRL 1: Feedstock/Process Basic Principles

FRL 2: Feedstock/ Process Concept

FRL 3: Fuel Sample for Basic Fuel Properties 

FRL 4.1: Performance Studies

FRL 4.2: Spec Properties

FRL 5.1: Lab Production Development

FRL 5.2: Subscale Production Development

FRL 5.3: Production Scalability

FRL 5.4: Pilot Plant Capability

FRL 6.1:  Fit-For-Purpose Properties

FRL 6.2:  Turbine Hot Section

FRL 6.3: Component/Rig Testing

FRL 6.4:  Engine Testing

FRL 7:  Fuel Class Listed in Int’l Fuel 

Specifications

R & D 

Phase

Certification & 

Qualification 

Phase

FRL 8: Commercial Validation

FRL 9: Production Capability

Business 

Phase

 
 
 

 

 

http://www.caafi.org/
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Appendix E  

PAFI Preparatory Stage Work Scope 

Implementation Plans Including Cost Estimates 

 

 

 

 

 

 

1.   Certification & Qualification Support Tasks 
2.   Test & Evaluation Support Tasks 
3.   Production & Distribution Support Tasks 
4.   Impact & Economics Support Tasks 
5.   Environment & Toxicology Support Tasks 

 

 

 

 

 

 

 

 

 

Note………..Appendix E contains the individual 
implementation plans for each PAFI - FAA task which 
supports the Preparatory Stage. 
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1.0    CERTIFICATION & QUALIFICATION IMPLEMENTATION PLANS,  
PREPARATORY STAGE  

1.1   C&Q TASK PREP-C&Q-1  
 

TASK:              Support ASTM Test Spec Requirements Effort 
WORKSCOPE:         Support ASTM Task Force effort to develop Standard Practice 
ITEM No:            PREP-C&Q-1 
LEAD ORGANIZATION:   ASTM 
DELIVERABLE:         ASTM Standard Practice; Evaluation of New AVGAS 
TIMELINE:           See Below 
COST ESTIMATE:       See Below 
 

PAFI TASK PREP-C&Q-1 

Implementation 
Plan Item 

General FAA Other PAFI  
Members 

Roles   Participate in TF activities 

 Contribute to document 
content 

 Support ASTM balloting 
process 

 Reconcile ballot 
comments 

 Participate in TF activities 

 Contribute to document 
content 

 Support ASTM balloting 
process 

 Reconcile ballot 
comments 

Estimated Cost $0 $18K $18K 

 

 

TIMELINE: 
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1.2   C&Q TASK PREP-C&Q-2   
 

TASK:              Support ASTM Production Spec Requirements Effort 
WORKSCOPE:         Support ASTM Task Force effort to develop Standard Practice 
ITEM No:            PREP-C&Q-2 
LEAD ORGANIZATION:   ASTM 
DELIVERABLE:         ASTM Standard Practice; Evaluation of New AVGAS 
TIMELINE:           See Below 
COST ESTIMATE:       See Below 
 
 

PAFI TASK PREP-C&Q-2 

Implementation 
Plan Item 

General FAA Other PAFI  
Members 

Roles   Participate in TF 
activities 

 Contribute to document 
content 

 Support ASTM balloting 
process 

 Reconcile ballot 
comments 

 Participate in TF activities 

 Contribute to document 
content 

 Support ASTM balloting 
process 

 Reconcile ballot comments 

Estimated Cost $0 $18K $18K 

 

 

TIMELINE: 
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1.3  C & Q TASK PREP-C&Q-3 
 

TASK:              Develop Phase 1 Entrance Criteria  
WORKSCOPE:         Prepare PAFI Document specifying criteria for entrance into Phase 1,   
                  based on ARLs and ASTM Standard Practice. Document to be used by  
                  FAA review board to rate the fuel for entrance into Phase 1. 
ITEM No:            PREP-C&Q-3 
LEAD ORGANIZATION:   PAFI 
DELIVERABLE:         PAFI Phase 1 Entrance Criteria 
TIMELINE:           See Below 
COST ESTIMATE:       See Below 
 
 

PAFI TASK PREP-C&Q-3 

Implementation 
Plan Item 

General FAA Other PAFI  
Members 

Roles   Lead task group 

 Coordinate with the FAA 
review board 

 Review ASTM Standard 
Practice 

 Review/Expand ARL 
Definitions and associated 
criteria 

 Participate in task group 

 Contribute to document 
content 

 

Estimated Cost $0 $12K $7K 

 

TIMELINE: 
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1.3.1  PREP-C&Q-3 SUPPLEMENTAL INFORMATION 
 
The Entrance Criteria for Phase 1 will consist of laboratory test methods and target results.  This 

criteria will be based on the test methods and information described in section 6.2 of ASTM 

International Standard Practice, “Standard Practice for the Evaluation of New Aviation Gasolines 

and New Aviation Gasoline Additives” and the ARLs.  This document will be provided to the FAA 

Review Board to use to rate the candidate fuels for entrance into Phase 1.  The criteria from the 

ASTM document will consist of the following elements: 

 

1. Pilot Production Report -  A report describing the simulated production, pilot plant ramp 

up and/or production capability, to confirm that adequate production capacity is available 

to support the test and analyses of this procedure.  Ideally, several batches of fuel should 

be produced to reflect a range of specification properties to support “worst-case” testing 

of fuel for the below requirements. 

2. Basic Specification Properties  - These should be based on, but not be limited to D910 

Table 1 properties.  The basic specification property results for evaluation of additives 

should be compared to the corresponding data for the base fuel. 

3. Fuel Composition - Detailed chemical analysis of hydrocarbons and trace materials.  The 

composition of additives should be defined to the extent necessary to establish 

conformance of the products used for testing. 

4. Fit-For-Purpose Properties Part 1 (FFP-1) - The following FFP-1 tests should be performed 

to further evaluate the fuel properties.  The test results should be compared to the 

corresponding data for D910 100LL fuels. 

5. Materials Compatibility Part 1 -  Soak testing of key airplane and engine fuel system 

elastomers, seals and other non-metallic parts to measure property changes such as % 

volume change, hardness, tensile strength, etc. 
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1.4   C&Q TASK PREP-C&Q-4 
 

TASK:              Develop Phase 2 Entrance Criteria   
WORKSCOPE:         Prepare PAFI Document specifying criteria for entrance into Phase  
                  2 based on ARLs and ASTM Standard Practice.  Document to be used  
                  by FAA review board to rate the fuel for entrance into Phase 2. 
ITEM No:            PREP-C&Q-4 
LEAD ORGANIZATION:   PAFI 
DELIVERABLE:         PAFI Phase 2 Entrance Criteria 
TIMELINE:           See Below 
COST ESTIMATE:       See Below 
 
 

PAFI TASK PREP-C&Q-4 

Implementation 
Plan Item 

General FAA Other PAFI  
Members 

Roles   Lead task group 

 Coordinate with FAA 
review board 

 Review ASTM Standard 
Practice 

 Review/Expand ARL 
Definitions 

 Participate in task 
group 

 Contribute to 
document content 

 

Estimated Cost $0 $14K $14K 

 

TIMELINE : 
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1.4.1  PREP-C&Q-4 SUPPLEMENTAL INFORMATION 
 
The Entrance Criteria for Phase 2 will require a successfully balloted ASTM Test Specification and 
the results of the expanded laboratory testing of Phase 1.  This criteria will be based on the test 
methods and information described in section 6.3 of ASTM International Standard Practice DXXXX, 
“Standard Practice for the Evaluation of New Aviation Gasolines and New Aviation Gasoline 
Additives” and the ARLs.  This document will be provided to the FAA Review Board to use to rate 
the candidate fuels for entrance into Phase 2.  The criteria from the ASTM document will consist of 
the following elements: 
 

1. Production Report - A report describing the production process used to make the test fuel. 
The fuel used in the following testing should be produced from representative production 
processes, including the fuel’s blending components. Fuel produced for this phase should 
be derived from an integrated process from feedstock to finished fuel. Chemical facsimiles 
of production fuel, or fuel produced in a manner not representative of finished production 
routes, are not acceptable for this testing phase. 

2. Fit-For-Purpose Properties Part 2 (FFP-2) - FFP-2 includes additional properties relating to 
engine and aircraft operability and performance, as well as properties relating to fuel 
handling and distribution. These properties include an evaluation of both the toxicity of the 
fuel and the exhaust emissions of the fuel. The data generated during this testing should be 
compared to corresponding data for ASTM D910 100LL fuel properties and should show 
that the test fuel is less toxic than leaded fuel.  

3. Materials Compatibility Part 2 - Engine and aircraft fuel system polymer and metallic 
materials that are exposed to fuel should be evaluated for compatibility with the new fuel. 
The results of the compatibility testing should be compared to corresponding results or 
service experience of existing fuels.  

4. Component Testing - Evaluation of fuel performance on key components and systems such 
as capacitance fuel gauging systems will be evaluated. 

5. Engine Testing - Limited engine testing covering basic performance and operability may be 
required. 

6. Aircraft Testing -  Limited aircraft testing covering basic performance and operability may 
be required. 

7. Preliminary Feasibility Assessments -  Objective evaluation of production, distribution, 
environmental and business factors related to the candidate unleaded AVGAS. 
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1.5   C&Q TASK PREP-C&Q-5 
 

TASK:              Develop RFP for Candidate Fuels. 
WORKSCOPE:         Prepare and issue an FAA RFP Document describing the FAA  criteria  
                  for selection of candidate unleaded fuels for participation in the FAA  
                  Tech Center testing program  Base on ARLs, ASTM Standard  
      Practice and FAA Airworthiness Standards. 
ITEM No:            PREP-C&Q-5 
LEAD ORGANIZATION:   FAA 
DELIVERABLE:         FAA RFP 
TIMELINE:           See Below 
COST ESTIMATE:       See Below 
 

PAFI TASK PREP-C&Q-5 

Implementation 
Plan Item 

General FAA Other PAFI  
Members 

Roles   Lead task group 

 Coordinate with FAA 
contracting organization 

 Review ASTM Standard 
Practice 

 Review/Expand ARL 
Definitions 

 Review FAA Cert Testing 
requirements 

 

Estimated Cost $0 $24K $0 

 

TIMELINE : 
 

 
 

 

1.5.1  PREP-C&Q-5 SUPPLEMENTAL INFORMATION 
 

The RFP will be based on the Phase 1 and Phase 2 screening criteria.  It will solicit candidate 
unleaded fuel producers to provide fuel for participation in the FAA Tech Center Phase 1 and 
Phase 2 testing.  It will be structured in two phases, with a reduced number of candidate fuels 
participating in the Phase 2 testing.  The RFP will not offer a monetary award, but rather offer test 
data that can be used for the ASTM specification development process and the FAA certification 
process. 
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1.6   C&Q TASK PREP-C&Q-6 
 

TASK:               Establish FAA Centralized Certification  
WORKSCOPE:          Develop plan for FAA to designate one ACO for oversight of aviation  
                   gasoline certification projects.  Review FAA policy and procedures  
                   and coordinate with FAA management, and other FAA supporting  
                   organizations.  Include FAA Cert FTEs from other directorates. 
ITEM No:             PREP-C&Q-6 
LEAD ORGANIZATION:    FAA 
DELIVERABLE:          FAA Centralized Certification Plan 
TIMELINE:            See Below 
COST ESTIMATE:        See Below 
 

PAFI TASK PREP-C&Q-6 

Implementation 
Plan Item 

General FAA Other PAFI  
Members 

Roles Internal FAA issue, so 
almost exclusively an 
FAA task. 

 Lead task group 

 Review FAA policy 

 Consult with FAA 
supporting 
organizations and 
management 

 Obtain FAA mgt 
approval 

 Limited input to 
document 

 

Estimated Cost $0 $23K $2K 

 

TIMELINE : 
 

 
 

 

1.6.1  PREP-C&Q-6 SUPPLEMENTAL INFORMATION 
 

The FAA Centralized Certification Support Plan will cover the following elements: 

1. Geographic location of the designated FAA facility. 

2. Organizational level and management structure of assigned FAA group. 

3. Knowledge/Skills/Experience requirements for FAA staff. 

4. Office-level job aids defining procedures for interfacing with PAFI, FAA Review Board, and 

Fuel Producer applicant. 

5. Reference documents to support certification projects. 
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1.7   C&Q TASK PREP-C&Q-7 
 

TASK:               Develop Part 33 (Engine) Certification Plan Guidelines. 
WORKSCOPE:          Define applicable FARs and compliance requirements that are  
                   compatible with PAFI fuel development concept.  Review FAA Part  
                   33 certification policy and procedures and coordinate with FAA  
                   Tech Center.  Obtain FAA management approval of template  
                   certification plans. 
ITEM No:             PREP-C&Q-7 
LEAD ORGANIZATION:    FAA 
DELIVERABLE:          FAA Part 33 (Engine) Certification Plan Guidelines 
TIMELINE:            See Below 
COST ESTIMATE:        See Below 
 

PAFI TASK PREP-C&Q-7 
Implementation 

Plan Item 
General FAA Other PAFI  

Members 

Roles Primarily FAA 
task, but will seek 
input from other 
PAFI members 

 Lead task group 

 Review FAA Part 33 policy 

 Coordinate with R&D 
development of Phase 2 
test methods 

 Consult with industry 
stakeholders 

 Obtain FAA mgt approval 

 Moderate input to 
document 

 

Estimated Cost $0 $18K $7K 

 

TIMELINE : 
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1.7.1 PREP-C&Q-7 SUPPLEMENTAL INFORMATION 

 

The FAA 14 CFR Part 33 (Engine) Certification plan guidelines will contain descriptive abstracts of 

certification testing and/or analysis requirements for the following regulations.  The Part 33 

compliance plan should be coordinated with the test procedures to be developed for the FAA Tech 

Center to make maximum use of the tests performed to show compliance. 

 

 § 33.4    Instructions for Continued Airworthiness 

 § 33.5    Instruction manual for installing and operating the engine  

 § 33.7    Engine ratings and operating limitations 

 § 33.15   Materials 

 § 33.17   Fire prevention 

 § 33.19   Durability 

 § 33.21   Engine cooling 

 § 33.28   Engine control systems 

 § 33.35   Fuel and induction system 

 § 33.43   Vibration test 

 § 33.45   Calibration test 

 § 33.47   Detonation test 

 § 33.49   Endurance test  

 § 33.51   Operation test 

 § 33.53   Engine component test  

 § 33.55   Teardown inspection 

 § 33.57   General conduct of block tests 
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1.8   C&Q TASK PREP-C&Q-8 
 

TASK:              Develop Part 23 (Aircraft) Certification Plan Guidelines. 
WORKSCOPE:         Define applicable FARs and compliance requirements that are  
                  compatible with PAFI fuel development concept.  Review FAA Part 23  
                  certification policy and procedures and coordinate with FAA Tech  
                  Center.  Obtain FAA management approval of template certification  
                  plans. 
ITEM No:            PREP-C&Q-8 
LEAD ORGANIZATION:   FAA 
DELIVERABLE:         FAA Part 23 (Aircraft) Certification Plan Guidelines 
TIMELINE:           See Below 
COST ESTIMATE:       See Below 
 

PAFI TASK PREP-C&Q-8 

Implementation 
Plan Item 

General FAA Other PAFI  
Members 

Roles Primarily FAA 
task, but will seek 
input from other 
PAFI members 

 Lead task group 

 Review FAA Part 23 policy 

 Coordinate with R&D 
development of Phase 2 
test methods 

 Consult with industry 
stakeholders 

 Obtain FAA mgt approval 

 Moderate input to 
document 

 

Estimated Cost $0 $18K $11K 

 

TIMELINE: 
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1.8.1  PREP-C&Q-8 SUPPLEMENTAL INFORMATION 
 

The FAA 14 CFR Part 23 (Aircraft) Certification plan guidelines will contain descriptive abstracts of 

certification testing and/or analysis requirements for the following regulations.  The Part 23 

compliance plan should be coordinated with the test procedures to be developed for the FAA Tech 

Center to make maximum use of the tests performed to show compliance. 

 

Part 23 Regulations   

§ 23.23      Load distribution limits 

  § 23.25      Weight limits 

  § 23.29      Empty weight and corresponding center of gravity 

  § 23.53      Takeoff performance   

  § 23.63      Climb:  General 

  § 23.69      Enroute climb/descent 

  § 23.77      Balked landing 

  § 23.343      Design fuel loads 

  § 23.603      Materials 

  § 23.863(b)(2)  Flammable fluid fire protection 

  § 23.901(f)    Auxiliary power unit 

  § 23.903      Engines 

  § 23.939      Powerplant operating characteristics 

  § 23.943      Negative acceleration 

  § 23.951      General (fuel system) 

  § 23.955      Fuel flow 

  § 23.959      Unusable fuel supply 

  § 23.961      Fuel system hot weather operation 

  § 23.963      Fuel tanks:  General 

  § 23.965      Fuel tank tests 

  § 23.969      Fuel tank expansion space 

  § 23.973(e)(f)   Fuel tank filler connection 

  § 23.975      Fuel tank vents and carburetor vapor vents 

  § 23.979      Pressure fueling system 

  § 23.993      Fuel system lines and fittings 

  § 23.997      Fuel strainer or filter 

  § 23.1001     Fuel jettisoning system 

  § 23.1011     General (oil system)  

  § 23.1041     General (cooling) 

  § 23.1043     Cooling tests 

  § 23.1045     Cooling test procedures for turbine powered airplanes 

  § 23.1047     Cooling test procedures for reciprocating engine powered  airplanes 

  § 23.1305     Powerplant instruments 

  § 23.1337     Powerplant instruments installation 

  § 23.1501     General 

  § 23.1521     Powerplant limitations 

  § 23.1522     Auxiliary power unit limitations 
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  § 23.1529     Instructions for Continued Airworthiness 

  § 23.1541     General (markings and placards) 

  § 23.1549     Powerplant and auxiliary power unit instruments 

  § 23.1557(c)   Powerplant fluid filler openings 

  § 23.1581     General (airplane flight manual) 

  § 23.1583     Operating limitations 

  § 23.1585(i)    Operating procedures 
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1.9   C&Q TASK PREP-C&Q-9 
 

TASK:              Develop Part 27/29 (Rotorcraft) Certification Plan Guidelines. 
WORKSCOPE:         Define applicable FARs and compliance requirements that are  
                  compatible with PAFI fuel development concept.  Review FAA Part  
                  27/29 certification policy and procedures and coordinate with FAA Tech  
                  Center.  Obtain FAA management approval of template certification  
                  plans. 
ITEM No:            PREP-C&Q-9 
LEAD ORGANIZATION:   FAA 
DELIVERABLE:         FAA Part 27/29 (Rotorcraft) Certification Plan Guidelines 
TIMELINE:           See Below 
COST ESTIMATE:       See Below 
 

 PAFI TASK PREP-C&Q-9 

Implementation 
Plan Item 

General FAA Other PAFI  
Members 

Roles Primarily FAA task, 
but will seek input 
from other PAFI 
members 

 Lead task group 

 Review FAA Part 23 
policy 

 Coordinate with R&D 
development of Phase 2 
test methods 

 Consult with industry 
stakeholders 

 Obtain FAA mgt approval 

 Moderate input to 
document 

 

Estimated Cost $0 $18K $5K 

 

TIMELINE: 
 

 

 
 

 

 

 

 

 

 



UAT ARC Final Report – Part II Appendices   February 17, 2012 

  

Appendix E Page A34 of A162 

 

1.9.1  PREP-C&Q-9 SUPPLEMENTAL INFORMATION 
 
The FAA 14 CFR Part 27/29 (Rotorcraft) Certification plan guidelines will contain descriptive 
abstracts of certification testing and/or analysis requirements for the following regulations.  The 
Part 27/29 compliance plan should be coordinated with the test procedures to be developed for 
the FAA Tech Center to make maximum use of the tests performed to show compliance. 
 
Part 27 Regulations 

§ 27.25       Weight limits 
  § 27.27       Center of gravity limits 
  § 27.29       Empty weight and corresponding center of gravity 
  § 27.45       Performance (General) 
  § 27.49       Performance at minimum operating speed 
  § 27.51       Takeoff 
  § 27.65       Climb:  All-engines operating 
  § 27.67       Climb:  One-engine-inoperative 
  § 27.75       Landing 
  § 27.603       Materials 
  § 27.863(b)(2)   Flammable fluid fire protection 
  § 27.903       Engines 
  § 27.903(d)     Restart capability 
  § 27.939       Turbine engine operating characteristics 
  § 27.951       General (fuel system) 
  § 27.955       Fuel flow 
  § 27.959       Unusable fuel supply 
  § 27.961       Fuel system hot weather operation 
  § 27.969       Fuel tank expansion space 
  § 27.975       Fuel tank vents  
  § 27.997       Fuel strainer or filter 
  § 27.1011(b)    General (oil system)  
  § 27.1041      General (cooling) 
  § 27.1043      Cooling tests 
  § 27.1045      Cooling test procedures  
  § 27.1305      Powerplant instruments 
  § 27.1337      Powerplant instruments 
  § 27.1521      Powerplant limitations 
  § 271529      Instructions for Continued Airworthiness 
  § 27.1541      General (markings and placards) 
  § 27.1557(c)    Miscellaneous markings and placards 
  § 27.1581      General (rotorcraft flight manual) 
  § 27.1583      Operating limitations 
  § 27.1585(e)(f)   Operating procedures 
 

Part 29 Regulations 
  § 29.25       Weight limits 
  § 29.27       Center of gravity limits 
  § 29.29       Empty weight and corresponding center of gravity 
  § 29.45       Performance (General) 
  § 29.49       Performance at minimum operating speed 
  § 29.51       Takeoff data:  general 
  § 29.53       Takeoff:  Category A 
  § 29.63       Takeoff:  Category B 
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  § 29.65       Climb:  All-engines operating 
  § 29.67       Climb:  One-engine-inoperative 
  § 29.77       Landing decision point (LDP):  Category A 
  § 29.79       Landing:  Category A 
  § 29.83       Landing:  Category B 
  § 29.85       Landing:  balked landing:  Category A 
  § 29.603       Materials 
  § 29.863(b)(2)   Flammable Fluid Fire Protection 
  § 29.901(c)(d)    Auxiliary power unit 
  § 29.903       Engines 
  § 29.903(e)     Restart capability 
  § 29.923(p)     Rotor drive system and control mechanism tests 
  § 29.939       Turbine engine operating characteristics 
  § 29.951       General (fuel system) 
  § 29.955       Fuel flow 
  § 29.959       Unusable fuel supply 
  § 29.961       Fuel system hot weather operation 
  § 29.969       Fuel tank expansion space 
  § 29.975       Fuel tank vents and carburetor vapor vents 
  § 29.979       Pressure refueling 
  § 29.997       Fuel strainer or filter 
  § 29.1001      Fuel jettisoning system 
  § 29.1011(b)    General (oil system) 
  § 29.1041      General (cooling) 
  § 29.1043      Cooling tests 
  § 29.1045      Climb cooling test procedures  
  § 29.1047      Takeoff cooling test procedures 
  § 29.1049      Hover cooling test procedures 
  § 29.1305      Powerplant instruments 
  § 29.1337      Powerplant instruments 
  § 29.1521      Powerplant limitations 
  § 29.1522      Auxiliary power unit limitations 
  § 29.1529      Instructions for Continued Airworthiness 
  § 29.1541      General (markings and placards) 
  § 29.1557(c)    Miscellaneous markings and placards 
  § 29.1581      General (rotorcraft flight manual) 
  § 29.1583      Operating limitations 
  § 29.1585(e)(f)   Operating procedures 
  § 29.1587      Performance information 
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1.10   C&Q TASK PREP-C&Q-10 
 
TASK:              Develop Scope-of-Approval Certification Policy/Guidance. 
WORKSCOPE:                       Develop guidelines to facilitate the fleet-wide approval of  

aircraft/engine sub-population based on non-model parameters. 
ITEM No:            PREP-C&Q-10 
LEAD ORGANIZATION:   FAA 
DELIVERABLE:         FAA Policy for Fleet-wide Approval of Aviation Fuel 
TIMELINE:           See Below 
COST ESTIMATE:       See Below 

 
 
 
 
 
 
 
 
 
 
 

 

 

TIMELINE: 

 
 
 
 
 
 
 
 
 
 
 
 
 

 PAFI TASK PREP-C&Q-10 

Implementation 
Plan Item 

General FAA Other PAFI  
Members 

Roles FAA task, but will 
seek input from 
other PAFI 
members 

 Recruit FAA SME’s from 
Standards Staffs of 
Assigned Directorates 

 Consult with industry 
stakeholders 

 Review FAA regulatory 
vehicles for 
accommodating broad-
based approvals 

 Obtain FAA mgt approval 

 Moderate input 
to document 

 

Estimated Cost $0 $48K $14K 
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1.10.1 PREP-C&Q-10 SUPPLEMENTAL INFORMATION 

The policy should address the following key elements. 

1. Accommodate STC approval of engines/aircraft identified in terms of performance or other 
design parameters. 

2. The approval should be based on data generated during the Phase 2 FAA Tech Center testing 
and the recommendation for scope of approval contained in the FAA Tech Center Phase 2 
reports. 

3. The existing fleet of type certificated engines and aircraft need to be identified and bracketed 
in terms of performance and other relevant parameters. 

4. The policy should accommodate both CAR and FAR certification bases. 

5. The policy should accommodate orphaned and abandoned products. 
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1.11   C&Q TASK PREP-C&Q-11 
 
TASK:              Develop Aircraft/Engine Modification Certification Policy/Guidance 
WORKSCOPE:                       Develop procedures/guidance to facilitate certification of out-of-scope 

aircraft/engines requiring modifications. 
ITEM No:            PREP-C&Q-11 
LEAD ORGANIZATION:   FAA 
DELIVERABLE: FAA Procedures/Guidance for Certification Approval of Aircraft/ Engine 

Modifications 
TIMELINE:           See Below 
COST ESTIMATE:       See Below 

 
TIMELINE: 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 PAFI TASK PREP-C&Q-11 

Implementation 
Plan Item 

General FAA Other PAFI 
Members 

Roles FAA task, but will 
seek input from 
other PAFI 
members 

 Recruit FAA SME’s from 
Standards Staffs of Assigned 
Directorates 

 Consult with industry 
stakeholders 

 Review FAA concepts for 
expediting approvals 

 Identify approval classes to 
manage issue 

 Obtain FAA mgt approval 

 Moderate input 
to document 

 

Estimated Cost $0 $48K $14K 
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1.11.1 PREP-C&Q-11 SUPPLEMENTAL INFORMATION 
 
The policy should address the following key elements: 

1. Develop classes of approvals, such documentation-only changes, minor hardware 
changes/adjustments such as seals/o-rings or timing changes, and major hardware changes. 

2. The policy should accommodate both CAR and FAR certification bases. 

3. The policy should accommodate orphaned and abandoned products. 

4. Investigate means for accommodating broad-based approvals. 

5. Identify any other means for expediting approvals 
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2.0  TEST & EVALUATION IMPLEMENTATION PLANS PREPARATORY STAGE 
 
The following in-kind examples are applicable to T&E support of PAFI for the preparatory stage, 
Tasks T&E-1 through T&E-6 as defined in this Appendix E, and for the project stage Tasks T&E-7 
through T&E-11 as described in Appendix F. 
 
Examples of in-kind contributions from industry: 
 

 Equipment – aircraft, engines 

 Accessories – vacuum pumps, generators, tachometers, etc. 

 Parts – fuel systems, cylinder assemblies, turbo systems, exhaust and intake systems, 
ignition systems, etc. 

 Instrumentation – sensors, electronic DAQ, interface conditioners 

 Machining and tooling services – welding, tubing bending, machining, cylinder sensor 
assembly, bracket manufacturing, hose manufacturing, etc. 

 Engineering support – engineering expertise and experience 

 Documentation- test article specifications, installation drawings 

 Materials – gaskets, o-rings, seals 

 Measurements and Overhauls 

 Fuel and oil analyses methods 
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The following represents an estimate of the industry in-kind support required to support the FAA 
Test & Evaluation program Tasks T&E-1 through T&E-11.   The following table further segregates 
the industry in-kind cost estimate into engine, aircraft, and labor categories.   As identified above, 
the industry in-kind participation represents support furnished to the FAA Test & Evaluation 
Program and does not include industry non-recurring engineering costs. 

 
 
 
 
 
 
 
 
 
 
 
 
 

PAFI Industry In-Kind Test & Evaluation Support  
Estimated Annual Cost 

Task Description Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 

Prep-T&E-1 Labor $75K       

Prep- T&E -1 Materials $100K       

Prep- T&E -2 Materials  $50K      

Prep- T&E -3 Labor  $25K      

Prep- T&E -4 Labor  $400K $200K     

Prep- T&E -4 Materials  $345K $115K     

Prep- T&E -5 Aircraft   $600K $900K    

Prep- T&E -5 Engines   $300K $100K    

Prep- T&E-5 Materials   $145K $45K    

Prep- T&E -6 Labor  $33K $17K     

Prep- T&E -7 Labor   $300K     

Proj- T&E -7 Materials   $60K     

Proj- T&E -8 Labor   $50K     

Proj- T&E -9 Labor    $475K $900K   

Proj- T&E -9 Materials    $990K $500K   

Proj- T&E -10 Labor     $25K $25K  

Proj- T&E -11 Labor      $640K $1,260K 

Proj- T&E 11 Materials           $324K $650K 

Total ($1,000)  $175 $853 $1,787 $2,510 $1,425 $1989 $1,910 
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2.1   T&E TASK PREP-T&E-1   
 

TASK:              Develop Phase 1 Test Methods & Procedures 
WORKSCOPE:         FAA Tech Center works with other PAFI members to develop  
                  methods & procedures based upon ASTM document guidance. 
TASK No:            PREP- T&E -1 
LEAD ORGANIZATION:   FAA Tech Center 
DELIVERABLE:         Lab test methods & procedures; rig test methods & procedures 
TIMELINE:           See Below 
COST ESTIMATE:       See Below 
 

PAFI TASK PREP-T&E-1 

Implementation 
Plan Item 

General FAA Other PAFI  
Members 

Roles Coordinate with  
ASTM TF document  
Guidance  Section  
6.2  (FFP lab tests  
and rig tests). 
 

FAA Tech Center works with  
other PAFI members to develop 
 lab methods/procedures based 
 on ASTM document guidance.  
Develop rig tests to identify  
impact of properties on fuel/  
lubrication systems. 

Active engineering expertise 
/support /in-kind toward  
developing rig and  
laboratory test procedures  
and methods.  Impact of  
fuel properties on  
engine/airframe, fuel  
systems. 

Estimated Cost $0 $940K $175K 

 

 

TIMELINE: 
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2.1.1 PREP-T&E-1  SUPPLEMENTAL INFORMATION 
 
The standardized fit-for-purpose (FFP) properties test methods and procedures will consist of 

ASTM D910 specification laboratory test methods, specific fuel-related laboratory tests, material 

compatibility, toxicology, and rig tests.  This testing will be partly based on the test methods and 

information described in section 6.2 of ASTM International Standard Practice DXXXX, “Standard 

Practice for the Evaluation of New Aviation Gasolines and New Aviation Gasoline Additives”.  The  

test procedures will consist of the following elements. 

 

1. Basic Specification Properties -  These should be based on, but not be limited to D910 

Table 1 properties.  The basic specification property results for evaluation of additives 

should be compared to the corresponding data for the base fuel. 

2. Fuel Composition - Detailed chemical analysis of hydrocarbons and trace materials.  The 

composition of additives should be defined to the extent necessary to establish 

conformance of the products used for testing. 

3. Fit-For-Purpose Properties (FFP) -  This testing may address issues related to cold fuel 

flowability, flame speed, heat of combustion, fuel nozzle spray patterns, fuel/oil 

interaction, co-mingling with current fuels, and lubricity.  Novel fuels with unique 

properties may require additional FFP test procedures.  The test results should be 

compared to the corresponding data for D910 100LL fuels. 

4. Rig Test Procedures - Development of rig test procedures may require construction of test 

rigs and collection of empirical data for validation and standardization of procedures. 

5. Materials Compatibility -  Development of procedures for soak testing of key production 

and delivery systems, airplane and engine fuel system elastomers, seals and other non-

metallic parts to measure property changes such as % volume change, hardness, tensile 

strength, etc. 

6. Toxicology -  Procedures to be used to develop procurement documents for the evaluation 

of the toxicological effects of proposed novel fuels.  This data should be compared to 

literature for the current leaded aviation fuels found in ASTM International specification 

D910. 
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2.2  T&E TASK PREP-T&E-2    
 

TASK:              Establish Phase 1 Test Facilities 
WORKSCOPE:         FAA Tech Center procures necessary equipment and contracts to  
                  support Phase 1 testing. 
TASK No:            PREP-T&E-2 
LEAD ORGANIZATION:   FAA Tech Center 
DELIVERABLE:         Test equipment and subcontracts 
TIMELINE:           See Below 
COST ESTIMATE:       See Below 
 

PAFI TASK PREP-T&E-2 

Implementation 
Plan Item 

General FAA Other PAFI  
Members 

Roles Identify equipment. 
Procure equipment. 
Identify experts. 
Contract facilities. 

FAA Tech Center identifies and 
procures necessary equipment 
and subcontracts to support 
Phase 1 testing. 

Provide engineering 
expertise/ support /in-kind 
to establish laboratory and 
rig tests, identify experts. 

Estimated Cost $0 $ 6.65M $50K 

 
TIMELINE: 
 

 
 

2.2.1 PREP-T&E-2 SUPPLEMENTAL INFORMATION 
 
Establishing facilities includes procurement of necessary laboratory and rig equipment, materials 
compatibility and toxicology contracts, independent fuel and lube laboratory contracts, and 
contract labor to design, machine, assemble and construct rig tests.  Rigs may be constructed to 
investigate cold fuel flowability, flame speed effects such as valve seat recession, fuel nozzle spray 
patterns, fuel/oil interaction effects, co-mingling with current fuels, and fuel lubricity.  Novel fuels 
with unique properties may require additional rig construction.   
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2.3  T&E TASK PREP-T&E-3   
 

TASK:              Develop Phase 1 Report Guidelines 
WORKSCOPE:         FAA Tech Center works with other PAFI members to standardize  
                  report content and format. 
TASK No:            PREP-T&E-3 
LEAD ORGANIZATION:   FAA Tech Center 
DELIVERABLE:         Phase 1 report guidelines 
TIMELINE:           See Below 
COST ESTIMATE:       See Below 
 

PAFI TASK PREP-T&E-3 
Implementation 

Plan Item 
General FAA Other PAFI  

Members 

Roles Identify Analyses  
Methods, and  
Statistical 
Content 
Documentation 

FAA Tech Center works with  
other PAFI members to  
standardize report content and  
format. 

Provide engineering 
support to help develop 
guidelines including 
analyses methods, content, 
procedures 

Estimated Cost $0 $ 120K $25K 

 
 
TIMELINE: 
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2.4  T&E TASK PREP-T&E-4   
 

TASK:              Develop Phase 2 Engine & Aircraft Test Methods  
WORKSCOPE:         FAA Tech Center works with other PAFI members to develop  
                  methods &procedures based on ASTM document guidance 
TASK No:            PREP- T&E-4 
LEAD ORGANIZATION:   FAA Tech Center 
DELIVERABLE:         Test Methods 
TIMELINE:           See Below 
COST ESTIMATE:       See Below 
 

PAFI TASK PREP-T&E-4 

Implementation 
Plan Item 

General FAA Other PAFI  
Members 

Roles Coordinate with  
ASTM TF document  
Guidance Section  
6.3 and certification 
central office. 

FAA Tech Center works with 
 PAFI members to develop  
test methods & procedures  
based upon ASTM document  
guidance. 
 

Provide engineering  
expertise/support/in-kind  
support to establish engine  
and airframe test  
procedures; help identify  
experts. 

Estimated Cost $0 $ 3.65M $1.06M 

 

TIMELINE: 
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2.4.1 PREP-T&E-4 SUPPLEMENTAL INFORMATION 
 
Establishing standard testing procedures for engine and aircraft includes testing listed in section 
6.3 of ASTM International Standard Practice DXXXX, “Standard Practice for the Evaluation of New 
Aviation Gasolines and New Aviation Gasoline Additives”, and FAA engine and aircraft 
airworthiness standards, and at a minimum includes: 
 
1)  Instrumentation & Test Facility Requirements - Test procedures will be specifically adopted for 
use with the instrumentation, equipment, fuel delivery systems, and facilities at the FAA Tech 
Center and for specific fuels.  Test methods will not be broadly adoptable to other facilities using 
other equipment and methods. 

2)  Engine Testing -  A portfolio of engine tests on designated engine models will be performed to 

evaluate composition, volatility, fluidity, combustion, corrosion, and stability properties of the 

fuel. 

3)  Aircraft Testing -  A portfolio of aircraft tests on designated engine models will be performed to 

evaluate composition, volatility, fluidity, combustion, corrosion, and stability properties of the 

fuel. 

 4) Certification Requirements - Aircraft and engine test procedures should incorporate 

certification requirements for engine/aircraft/propeller systems listed previously under 

Qualification & Certification Tasks PREP-C&Q-7,-8, and -9.  

5)  Test Results - Test results to be compared against test results on ASTM D910 fuels. 
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2.5  T&E TASK PREP-T&E-5   
 

TASK:              Establish Phase 2 Engine & Aircraft Test Articles 
WORKSCOPE:         FAA Tech Center procures necessary equipment to support Phase 2  
                  testing. 
TASK No:            PREP- T&E-5 
LEAD ORGANIZATION:   FAA Tech Center 
DELIVERABLE:         Engines & Aircraft Available to support testing 
TIMELINE:           See Below 
COST ESTIMATE:       See Below 
 

PAFI TASK PREP-T&E-5 

Implementation 
Plan Item 

General FAA Other PAFI  
Members 

Roles Full envelope, in- 
flight, rig. Emissions 
is not FFP but to be  
performed. 

FAA Tech Center identifies 
and procures necessary 
equipment and facilities to 
support Phase 2 testing 

Provide test engines/ 
airframes, parts, 
instrumentation, expertise.  
Provide engineering support 
to identify test facilities/ 
engines/ airframes. 

Estimated Cost $0 $ 8.755M $2.09M 

 
TIMELINE : 
 

 
 

 

2.5.1  PREP-T&E-5 SUPPLEMENTAL INFORMATION 

 
Establishing Phase II testing facilities includes procurement of necessary materials, equipment, test 
articles, contract labor support, FAA personnel, independent laboratory contracts for fuel and lube 
analyses.  Outsourced contracts for flight testing and specialty component engine testing may be 
required.  Emissions testing equipment will be procured. 
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2.6  T&E TASK PREP-T&E-6   
 

TASK:              Prepare Phase 2 Report Guidelines 
WORKSCOPE:         FAA Tech Center works with PAFI members to standardize  
                  test report content and format. 
TASK No:            PREP-T&E-6 
LEAD ORGANIZATION:   FAA Tech Center 
DELIVERABLE:         Phase 2 Report Guidelines 
TIMELINE:           See Below 
COST ESTIMATE:       See Below 
 

PAFI TASK PREP-T&E-6 
Implementation 

Plan Item 
General FAA Other PAFI  

Members 

Roles Identify Analyses 
Methods Statistical  
Content 
Documentation 

FAA Tech Center works 
with other PAFI members 
to standardize report 
content and format 

Provide engineering support 
to help develop guidelines, 
analyses methods, content, 
procedures 

Estimated Cost $0 $50K $50K 

 
TIMELINE: 
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3.0   P & D IMPLEMENTATION PLANS, PREPARATORY STAGE 
3.1   P&D TASK PREP-P&D-1    
 
TASK:             Refine Production & Distribution ARLs 
WORKSCOPE:        Fully Define Production/Distribution Related ARL’s 
 
TASK No:           PREP-P&D-1 
LEAD ORGANIZATION:  PAFI 
DELIVERABLE:        Defined ARL’s  
TIMELINE:          See Below 
COST ESTIMATE:      See Below 
 

PAFI TASK PREP-P&D-1 
Implementation 

Plan Item 
General FAA Other PAFI  

Members 

Roles Organize workgroup.  
Refine ARL’s relating to 
production & distribution; 
including defining criteria 
for meeting an individual 
ARL step – Identify and 
recruit Industry 
participants. 

Participate as member  
of PSG. Provide supporting 
data when requested. 

Participate in work group.  
Contribute to document  
content. 

Estimated Cost $0 $0 $23K 

 
TIMELINE: 
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3.1.2  PREP-P&D-1 SUPPLEMENTAL INFORMATION 
 
This task is a direct PAFI task that will be accomplished during the preparatory stage. The purpose 
of this task is to further define ARL’s relating to production & distribution; including defining 
criteria for meeting an individual ARL step. ARL definitions will need to be specific enough to 
provide validation of completion of the step, including standardized data presentation but broad 
enough to account for novel processes. This task will be completed by an industry/PAFI 
workgroup. 
 
Related AVGAS Readiness Levels (ARL): 
 

ARL 1 -   Fuel Definition 
ARL 2 –   Material Safety Review 
ARL 3-    Basic Fuel Properties and Composition 
ARL 6.1 -  Preliminary Production & Distribution Assessment 
ARL 7 –   Pilot Production Capability 
ARL 10 –  Pilot Production Capability 
ARL 12.1 - Final Production & Distribution Assessment 
ARL 13 –  Initial Production Capability 
ARL 15 –  Production Scale-Up 
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3.2   P&D TASK PREP-P&D-2    
 
TASK:             Identify Existing Production & Distribution Materials (Baseline) 
WORKSCOPE:        Develop report detailing materials used in P&D 
TASK No:           PREP-P&D-2 
LEAD ORGANIZATION:  PAFI 
DELIVERABLE:        Data Base & Final Report 
TIMELINE:          See Below 
COST ESTIMATE:      See Below 
 

PAFI TASK PREP- P&D-2 
Implementation 

Plan Item 
General FAA Other PAFI  

Members 

Roles Organize workgroup to 
prepare report summarizing 
component materials used 
in existing production & 
distribution system for use 
by candidate fuel developer. 

Participate as member  
of PSG.  Provide  
supporting data when  
requested. 

Participate in work  
group. Contribute to  
document content. 

Estimated Cost $0 $0 $20K 

 
 
TIMELINE: 
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3.2.1   PREP-P&D-2 SUPPLEMENTAL INFORMATION 
 
This task will be a direct PAFI task completed during the preparatory stage. The purpose of this 
task is to develop a database of materials used in the production and distribution process for 
which compatibility testing may need to be completed. This task will be completed by an 
industry/PAFI workgroup. 
 
Note: ASTM International Standard Practice, “Standard Practice for the Evaluation of New Aviation 
Gasolines and New Aviation Gasoline Additives” currently contains a listing of aircraft and aircraft 
engine materials than would need to be tested in order to establish “fit for purpose” properties for 
a new aviation gasoline fuel. Identical materials used in the production and distribution system 
could be excluded from this task as compatibility would already be established. Additional 
materials identified under this task would be forwarded to the ASTM committee overseeing the 
Standard Practice for consideration of inclusion in future revisions. 

 
Cataloging of materials should include: 
 

 Production Systems 

 Distribution Systems 

- Rail transportation 

- Barge transportation 

- Over-the-road truck transportation 

- Pipeline transportation 

- Transfer systems (pumps & associated equipment) 

- On-airport storage & delivery systems 

- Filtration & water separation systems 
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3.3   P&D TASK PREP-P&D-3    
 
TASK:             Identify Industry Compliance Standards (Baseline) 
WORKSCOPE:        Assess third party non-ASTM standards for compliance issues  
TASK No:           PREP-P&D-3 
LEAD ORGANIZATION:  PAFI 
DELIVERABLE:        Final Report 
TIMELINE:          See Below 
COST ESTIMATE:      See Below 
 

PAFI TASK PREP-P&D-3 
Implementation 

Plan Item 
General FAA Other PAFI 

Members 

Roles Organize workgroup to 
Prepare list of applicable 
industry compliance 
standards (UL, NFPA, EI)  
for use by candidate fuel 
developer 

Participate as member  
of PSG.  Provide supporting 
data when requested. 

Participate in work  
group.  Contribute  
to document  
content. 

Estimated Cost $0 $0 $85K 

 

 
TIMELINE: 

 

 
 
 
3.3.1   PREP-P&D-3  SUPPLEMENTAL INFORMATION 
 
This task is a direct PAFI task that will be completed by an industry/PAFI workgroup in the 
preparatory phase. This task will involve the identification and assessment of third-party non-
ASTM standards/codes/requirements that may affect the deployment of an unleaded gasoline 
including: 
 

 National Fire Protection Association Standard on Aircraft Refueling – NFPA 407 

 Energy Institute Aviation Fuel Handling Publications 

 Underwriters Laboratories Listing/Recognition/Classification Requirements 

 Military Standards 

 European Aviation Safety Agency standards and regulations 

 Canadian General Standards Board 
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4.0   IMPACT & ECONOMICS IMPLEMENTATION PLANS PREPARATORY STAGE 
4.1   I&E TASK PREP-I&E-1   
 
TASK:              Identify Historical Economic Data 
WORKSCOPE:         Prepare report of historical AVGAS prices 
TASK No:            PREP-I&E-1 
LEAD ORGANIZATION:   FAA 
DELIVERABLE:         Final Report 
TIMELINE:           See Below 
COST ESTIMATE:       See Below 
 

PAFI TASK PREP-I&E-1 
Implementation 

Plan Item 
General FAA Other PAFI  

Members 

Roles Oversight. Oversee  
the development  
of historic data  
report.  

Participate as member of  
PSG. Provide supporting  
data when requested. 

Provide supporting data when  
requested. 

Estimated Cost $30K $0 $30K 

 
TIMELINE: 

 
 

 
 
 
4.1.1  PREP-I&E-1 SUPPLEMENTAL INFORMATION 
 

Task I&E-1 occurs during the PAFI Preparatory Stage and has the objective of providing economic 
analysis of the historic AVGAS price.  
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4.2   I&E TASK PREP-I&E-2   
 
TASK:              Identify Existing Production & Distribution Infrastructure (Baseline) 
WORKSCOPE:         Prepare assessment of existing fuel production & distribution  
                  infrastructure 
TASK No:            PREP-I&E-2 
LEAD ORGANIZATION:   FAA 
DELIVERABLE:         Final Report 
TIMELINE:           See Below 
COST ESTIMATE:       See Below 
 

PAFI TASK PREP-I&E-2 
Implementation 

Plan Item 
General FAA Other PAFI 

 Members 

Roles Oversight. Oversee  
the development of 
report on existing  
fuel production &  
distribution  
infrastructure  

Participate as member of  
PSG. Provide supporting  
data when requested. 

Provide supporting data  
when requested. 

Estimated Cost $60K $0 $60K 

 
TIMELINE: 
 

 
 
 
4.2.1  PREP-I&E-2 SUPPLEMENTAL INFORMATION 
 
Task I&E-2 occurs during the PAFI Preparatory Stage and has the objective of documenting historic 
AVGAS storage and distribution costs. A report will be provided in support of developing business 
plans which will be utilized in developing the analysis-audit-validation tool in I&E-4. 
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4.3   I&E TASK PREP-I&E-3   
 
TASK:              Develop Tools for Fuel Developer to Assess Impact on Fleet  

(ARL 6.3.a & c) 
WORKSCOPE:         Development of tools & guidelines to assess impact of fuel changes 
TASK No:            PREP-I&E-3 
LEAD ORGANIZATION:   FAA 
DELIVERABLE:         Final Report 
TIMELINE:           See Below 
COST ESTIMATE:       See Below 

 
TIMELINE: 

 
 
4.3.1  PREP-I&E-3 SUPPLEMENTAL INFORMATION 
 
Task I&E-3 occurs during the PAFI Preparatory Stage and has the objective of developing tools and 
guidelines to enable assessment of impact of a fuel change on the fleet. Work scope is creation of 
a process or criteria which would support the applicable ARL and provide tools for PAFI to assess 
impact of a fuel change. A report will be provided in support of developing business plans which 
will be utilized in developing the analysis-audit-validation tool in I&E-4. Areas to be addressed 
include the following. 
 

  Materials compatibility 

  Performance (takeoff distance, climb performance, etc.) 

  Limitations (weight, temperature, operating, etc.) 

  Number of aircraft impacted 

PAFI TASK PREP- I&E-3 
Implementation 

Plan Item 
General FAA Other PAFI  

Members 

Roles Oversight. Develop &  
identify tools & guide- 
 lines for fuel developer  
to assess impact of fuel 
changes on fleet to  
include the extent of  
modifications. 

Participate as member of  
PSG. Provide supporting  
data when requested.  

Provide supporting data 
and analysis when 
requested. 

Estimated Cost $60K $0 $60K 
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4.4   I&E TASK PREP-I&E-4   
 
TASK:              Develop Tools for Cost Assessment (ARL 6.3.d) 
WORKSCOPE:         Development of an analysis/audit/validation tool/process/criteria to  
                  assess the validity of fuel developer’s economic assumptions and  
                  factors for economic claims 
TASK No:            PREP-I&E-4 
LEAD ORGANIZATION:   FAA 
DELIVERABLE:         Final Report 
TIMELINE:           See Below 
COST ESTIMATE:       See Below 
 

PAFI TASK PREP-I&E-4 
Implementation 

Plan Item 
General FAA Other PAFI  

Members 

Roles Oversight. Oversee  
the development of the  
methods and /or  
guidelines to enable  
assessment, validation 
of economic claims. 

Participate as member of 
PSG.  Provide supporting 
data when requested. 

Provide supporting data  
when requested. 

Estimated Cost $60K $0 $0 

 
TIMELINE: 
 

 
 

 

4.4.1  PREP-I&E-4 SUPPLEMENTAL INFORMATION 
 
Task I&E-4 occurs during the PAFI Preparatory Stage and has the objective of developing methods 
and/or guidelines which would enable PAFI to assess and validate a fuel developer’s economic 
claims. The purpose of this activity is to also provide potential fuel developers with the criteria by 
which their assumptions and estimates utilized in their business plans will be evaluated.  
 
The analysis-audit-validation tool will rely on the information developed by fuel developers 
utilizing the tools developed in I&E 1-3. 
 
 
 
 



UAT ARC Final Report – Part II Appendices   February 17, 2012 

  

Appendix E Page A59 of A162 

 

5.0   ENVIRONMENT & TOXICOLOGY IMPLEMENTATION PLANS,  
PREPARATORY STAGE 

5.1   E&T TASK PREP-E&T-1   
TASK:              Identify EPA/FAA Regulatory Authority Relative to GA Emissions 
WORKSCOPE:         Document FAA & EPA authority and obligations as related to General  
                  Aviation emissions 
TASK No:            PREP-E&T-1 
LEAD ORGANIZATION:   PAFI 
DELIVERABLE:         Final Report 
TIMELINE:           See Below 
COST ESTIMATE:       See Below 
 

PAFI TASK PREP-E&T-1 
Implementation 

Plan Item 
General FAA Other PAFI  

Members 

Roles Sharing of  
information.  

Document FAA & EPA  
authority and obligations  
as related to General  
Aviation emissions. 

Review FAA & EPA information 
and provide input. 

Estimated Cost $0 $0 $0 

 
TIMELINE:   
 
Task completed by UAT ARC. See Appendix I for results. 
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5.2  E&T TASK PREP-E&T-2  
 
TASK: Develop E&T Requirements in Support of ASTM Test/Production Spec 

Requirements Effort 
WORKSCOPE:         Add environmental and toxicology requirements in ASTM TF responsible  
                  for dev of ASTM New Fuel Std Practice 
TASK No:            PREP-E&T-2 
LEAD ORGANIZATION:   PAFI 
DELIVERABLE:         Final Report 
TIMELINE:           See Below 
COST ESTIMATE:       See Below 
 

PAFI TASK PREP-E&T-2 
Implementation 

Plan Item 
General FAA Other PAFI  

Members 

Roles E&T support of overall  
ASTM effort. Oversee  
development of resources.  
Share information with  
ASTM & PAFI. Inclusion into  
ASTM Standard Practice. 

Review and comment on  
results. Participate in  
ASTM Task Force in  
adopting Standard  
Practice. 

Review and comment on  
results.  Participate in  
ASTM  Task Force in  
adopting  Standard  
Practice. 

Estimated Cost $0 $100K $0 

 
TIMELINE:  
 

 
 

5.2.1  PREP-E&T-2 SUPPLEMENTAL INFORMATION 

 
It is anticipated that FAA and PAAFI will continue to support development of the ASTM Standard 
Practice. 
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5.3   E&T TASK PREP-E&T-3   
 
TASK:              Develop Protocol & Criteria for environmental and toxicological  
                  properties relative to current fuels 
WORKSCOPE:         Develop Protocol & Criteria for environmental & toxicological properties  
                  related to current AVGAS 
TASK No:            PREP-E&T-3 
LEAD ORGANIZATION:   PAFI 
DELIVERABLE:         Guidance in screening of candidate fuels with respect to E&T 
TIMELINE:           See Below 
COST ESTIMATE:       See Below 
 

PAFI TASK PREP-E&T-3 
Implementation 

Plan Item 
General FAA Other PAFI  

Members 

Roles E&T effort supportive 
to overall PAFI and  
ASTM effort.  Oversee 
development of  
metrics.  Share  
information with  
ASTM and PAFI. 

Develop Protocol & 
Criteria for environ- 
mental & toxicological 
properties related to 
current AVGAS. 
 

Review and comment on  
results. Participate in  
ASTM Task Force in  
adopting standard 
practice. 

Estimated Cost $0K $100K $0K 

 
 
TIMELINE:   
 

 
 
 
5.3.1  PREP-E&T-3 SUPPLEMENTAL INFORMATION 
 
This work is expected to inform PAFI of any concerns associated with adoption, use, and handling 
of candidate fuels relative to other fuels that are widely available in the market.   
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5.4   E&T TASK PREP-E&T-4  
 
TASK:              Develop emissions test plan and protocol 
WORKSCOPE:         Develop input & guidance to PAFI to develop a test plan and protocol  
                  for exhaust emissions testing 
TASK No:            PREP-E&T-4 
LEAD ORGANIZATION:   PAFI 
DELIVERABLE:         Guidance in screening and testing of candidate fuel emissions 
TIMELINE:           See Below 
COST ESTIMATE:       See Below 
 

PAFI TASK PREP-E&T-4 
Implementation 

Plan Item 
General FAA Other PAFI  

Members 

Roles E&T effort supportive 
to overall fuel test  
program.  Oversee 
dev of metrics. Share  
information with  
ASTM and PAFI. 

Develop input & guidance 
to PAFI to develop a test 
plan and protocol for 
exhaust emissions testing. 
 

Review and comment on  
results. Participate in ASTM 
task force in adopting  
standard practice. 

Estimated Cost $0 $100K $0 

 
 
TIMELINE:   
 

 
 
 
5.4.1   PREP-E&T-4 SUPPLEMENTAL INFORMATION 
 
This Task will provide an emissions test plan and protocol for candidate fuels based on their 
identity.  For instance, if candidate fuels are radically different in composition than 100LL, or may 
contain additives such as metals, PAAFI should be aware of potential changes in emissions.  
Testing will be conducted at the FAA Tech Center with the possibility of using EPA resources or a 
contractor if test requirements are beyond capabilities of the Tech Center.   
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Appendix F  

PAFI Project Stage Work Scope 

Implementation Plans Including Cost Estimates 

 

 

 

 

 

 

 

1.   Certification & Qualification Support Tasks 
2.   Test & Evaluation Support Tasks 
3.   Production & Distribution Support Tasks 
4.   Impact & Economics Support Tasks 
5.   Environment & Toxicology Support Tasks 

 

 

 

 

 

 

 

Note………..Appendix F contains the individual 
implementation plans for each PAFI task which 
supports the Project Stage. 
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1.0   CERTIFICATION & QUALIFICATION IMPLEMENTATION PLANS, PROJECT STAGE   
1.1   C & Q TASK PROJ-C&Q-12   
 
TASK:              Establish FAA Review Board 
WORKSCOPE:         Identify, recruit and contract technical specialists to serve on the FAA  
                  Review Board to review candidate unleaded fuels for acceptance into  
                  FAA Tech Center test program. 
TASK No:            PROJ-C&Q-12 
LEAD ORGANIZATION:   FAA  
DELIVERABLE:         FAA Review Board members. 
TIMELINE:           See Below 
COST ESTIMATE:       See Below 

 
TIMELINE : 
 
 

 
 
 

1.1 PROJ-C&Q-12 SUPPLEMENTAL INFORMATION 

 
The FAA will develop Memorandums of Agreement (MOA) and recruit members of the FAA Review 
Board.  The procedure will require contracting support and a means to advertise the need for 
board members.  The FAA will interview potential board members and select the leading 
candidates.     
 

 

 

 

PAFI TASK PROJ-C&Q-12 

Implementation 
Plan Item 

General FAA Other PAFI  
Members 

Roles   Develop contracting or 
other agreement method 
to recruit board members 

 Conduct board member 
selection process 

 

Estimated Cost $0 $18K $0 
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1.2 C & Q TASK PROJ-C&Q-13   
 
TASK:              Support ASTM Research Report and Test Spec Ballot Process 
WORKSCOPE:         Support ASTM Task Force effort to ballot report and spec and to  
                  address ballot comments. 
TASK No:            PROJ-C&Q-13 
LEAD ORGANIZATION:   ASTM  
DELIVERABLE:         ASTM Test Specification for a New AVGAS 
TIMELINE:           See Below 
COST ESTIMATE:       See Below 
 

PAFI TASK PROJ-C&Q-13 

Implementation 
Plan Item 

General FAA Other PAFI  
Members 

Roles   Participate in TF activities 
 Contribute to document 

content 
 Support ASTM balloting 

process 
 Reconcile ballot comments 

 Participate in TF 
activities 

 Contribute to document 
content 

 Support ASTM balloting 
process 

 Reconcile ballot 
comments 

Estimated Cost $0 $45K $45K 

 
TIMELINE : 
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1.3 C & Q TASK PROJ-C&Q-14   
 
TASK:              Conduct Phase 1 Candidate Fuel Review 
WORKSCOPE: FAA Review Board reviews and selects candidate unleaded fuels for 

Phase 1 testing 
TASK No:            PROJ-C&Q-14 
LEAD ORGANIZATION:   FAA  
DELIVERABLE:         Candidate fuel ratings/rankings. 
TIMELINE:           See Below 
COST ESTIMATE:       See Below 

 
PAFI TASK PROJ-C&Q-14 

Implementation 
Plan Item 

General FAA Other PAFI  
Members 

Roles  FAA works with candidate fuel 
applicant.   
 Review screening data submitted 

by candidate fuel applicants for 
entry into Phase 1 testing. 

 Rank/rate each candidate fuel 

 

Estimated Cost $0 $45K $0 

 
TIMELINE : 
 

 
 

 

 

1.3.1  PROJ-C&Q-14 SUPPLEMENTAL INFORMATION 
 
The FAA Review Board will review fuel property data and other information relating to the ARLs 
provided by the candidate fuel producer.  The review board will rank the candidate fuels based on 
this review.  Up to 10 fuels will then be given entrance to the Phase 1 test program.  The producers 
of those fuels will need to provide 10 gallons of fuel to conduct Phase 1 testing.  
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1.4 C & Q TASK PROJ-C&Q-15   
 
TASK:              Conduct Phase 2 Candidate Fuel Review 
WORKSCOPE:         Identify, recruit and contract technical specialists to serve on the FAA  
                  Review Board to review candidate unleaded fuels for acceptance into  
                  FAA Tech Center test program. 
TASK No:            PROJ-C&Q-15 
LEAD ORGANIZATION:   FAA  
DELIVERABLE:         FAA Review Board members. 
TIMELINE:           See Below 
COST ESTIMATE:       See Below 

 

PAFI TASK PROJ-C&Q-15 

Implementation 
Plan Item 

General FAA Other PAFI  
Members 

Roles   Review Phase 1 data 
generated by FAA Tech 
Center for entry into Phase 
2 testing. 

 Rank/rate each candidate 
fuel 

 

Estimated Cost $0 $45K $0 

 
TIMELINE : 

 

 
 
 
1.4.1 PROJ-C&Q-15 SUPPLEMENTAL INFORMATION 

 
The FAA Review Board will review fuel property data provided by the FAA Tech Center from Phase 
1 testing and other information relating to the ARLs provided by the candidate fuel producer.  The 
review board will rank the candidate fuels based on this review.  The top 5 fuels will then be given 
entrance to the Phase 2 test program.  The producers of those fuels will need to provide 10,000 
gallons of fuel to conduct Phase 2 testing. 
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1.5 C & Q TASK PROJ-C&Q-16   
 
TASK:              Support ASTM Research Report and Production Spec Ballot Process 
WORKSCOPE:         Support ASTM Task Force effort to ballot report and spec and to  
                  address ballot comments. 
TASK No:            PROJ-C&Q-16 
LEAD ORGANIZATION:   ASTM  
DELIVERABLE:         ASTM Production Specification for a New AVGAS  
TIMELINE:           See Below 
COST ESTIMATE:       See Below 
 

PAFI TASK PROJ-C&Q-16 

Implementation 
Plan Item 

General FAA Other PAFI  
Members 

Roles   Participate in TF activities 
 Contribute to document 

content 
 Support ASTM balloting 

process 
 Reconcile ballot comments 

 Participate in TF 
activities 

 Contribute to 
document content 

 Support ASTM balloting 
process 

 Reconcile ballot 
comments 

Estimated Cost $0 $45K $45K 

 
TIMELINE : 
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1.6 C & Q TASK PROJ-C&Q-17   
 
TASK:              Support FAA Certification  of Candidate Fuels 
WORKSCOPE:         Review Tech Center reports and other data submitted by applicant  
                  and issue certification approval for in-scope fleet of aircraft and  
                  engines. 
TASK No:            PROJ-C&Q-17 
LEAD ORGANIZATION:   FAA 
DELIVERABLE:         FAA STCs for a New AVGAS 
TIMELINE:           See Below 
COST ESTIMATE:       See Below 

 
PAFI TASK PROJ-C&Q-17 

Implementation 
Plan Item 

General FAA Other  
PAFI Members 

Roles  FAA works with candidate fuel 
applicant.   
 Finalize/refine compliance 

requirements with applicant. 
 Review FAA Tech Center reports 

and other data submitted by 
applicant 

 Finalize scope of approval. 
 Issue FAA STC with agreed scope of 

approval 

No support required 

Estimated Cost $0 $1,380K $0 

 

TIMELINE : 
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2.0 TEST & EVALUATION IMPLEMENTATION PLANS, PROJECT STAGE 

2.1   T&E TASK PROJ-T&E-7  
  

TASK:              Conduct Phase 1 Testing   
WORKSCOPE:         Test fuel samples using laboratory equipment 
TASK No:            PROJ-T&E-7 
LEAD ORGANIZATION:   FAA Tech Center 
DELIVERABLE:         Test results 
TIMELINE:           See Below 
COST ESTIMATE:       See Below 
 

PAFI TASK PROJ-T&E-7 

Implementation 
Plan Item 

General FAA Other  
PAFI Members 

Roles  FAA Tech Center conducts  
Phase 1 Testing of fuel samples 
using lab and rig equipment. 
 

Provide engineering support,  
in-kind equipment support,  
and data analyses/review. 
 

Estimated Cost $0 $ 1.0M $360K 

 

 

TIMELINE : 
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2.2   T&E TASK PROJ-T&E-8    
 

TASK:              Prepare Phase 1 Reports 
WORKSCOPE:         Compile data and prepare reports 
TASK No:            PROJ-T&E -8 
LEAD ORGANIZATION:   FAA Tech Center 
DELIVERABLE:         Test Report 
TIMELINE:           See Below 
COST ESTIMATE:       See Below 
 

PAFI TASK PROJ-T&E-8 

Implementation 
Plan Item 

General FAA Other  
PAFI Members 

Roles  FAA Tech Center compiles data,  
generates reports, solicits input, 
incorporates changes, and 
communicates with PAFI & fuel 
developer. 

Provide engineering  
analyses and input to  
reports. 

Estimated Cost $0 $60K $50K 

 

 

TIMELINE : 
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2.3   T&E TASK PROJ-T&E-9    
 

TASK:              Conduct Phase 2 Testing 
WORKSCOPE:         Test fuel in engines and aircraft 
TASK No:            PROJ-T&E-9 
LEAD ORGANIZATION:   FAA Tech Center 
DELIVERABLE:         Test results 
TIMELINE:           See Below 
COST ESTIMATE:       See Below 
 

PAFI TASK PROJ-T&E-9 

Implementation 
Plan Item 

General FAA Other  
PAFI Members 

Roles  FAA Tech Center conducts  
testing, executes and monitors  
related subcontracts.  
Communications with PAFI and  
fuel developer. 

Provide engineering support,  
in-kind equipment support  
and data analyses/review. 
 

Estimated Cost $0 $ 16.23M $2.865M 

 

TIMELINE: 
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2.4   T&E TASK PROJ-T&E-10    

 
TASK:              Prepare Phase 2 Reports 
WORKSCOPE:         Compile data and draft report 
TASK No:            PROJ-T&E-10 
LEAD ORGANIZATION:   FAA Tech Center 
DELIVERABLE:         Test Report 
TIMELINE:           See Below 
COST ESTIMATE:       See Below 
 

PAFI TASK PROJ-T&E-10 

Implementation 
Plan Item 

General FAA Other  
PAFI Members 

Roles  FAA Tech Center generates  
reports, solicits input,  
incorporates changes,  
communications with PAFI &  
fuel developer. 

Provide engineering analyses 
and input to reports. 

Estimated Cost $0 $910K $50K 

 

 

TIMELINE: 
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2.5   T&E TASK PROJ-T&E-11  
 

TASK:              Conduct Aircraft/Engine Modification Testing 
WORKSCOPE:         Test engine and aircraft modifications 
TASK No:            PROJ-T&E-11 
LEAD ORGANIZATION:   FAA Tech Center 
DELIVERABLE:         Test Report 
TIMELINE:           See Below 
COST ESTIMATE:       See Below 
 

 PAFI TASK PROJ-T&E-11 

Implementation 
Plan Item 

General FAA Other  
PAFI Members 

Roles  FAA Tech Center conducts 
testing, executes and monitors 
related subcontracts. 
Communications with PAFI and 
fuel developer. 

Provide engineering 
support, in-kind equipment 
support and data analyses 
and review. 
 

Estimated Cost $0 $12.85 M $2.874M 

 

TIMELINE: 

 

 
 

2.5.1  PROJ-T&E-11 SUPPLEMENTAL INFORMATION 
 

Limited engine and aircraft modification testing will be performed with fuels that meet a pre-
determined threshold of fleet satisfaction.   This testing will require significant industry in-kind 
support by means of engineering expertise, test pilots, parts, engine overhauls and measurements.   

 
 
 
3.0   PRODUCTION & DISTRIBUTION IMPLEMENTATION PLANS PROJECT STAGE 

There are currently no “Production & Distribution” tasks identified for the PAFI Project Stage. 
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4.0   IMPACT & ECONOMICS IMPLEMENTATION PLANS PROJECT STAGE  
4.1   I & E TASK PROJ-I&E-5   
 
TASK:              Develop Tools for Fleet Impact Assessment (ARL 6.3.a & c) 

WORKSCOPE:  PAFI oversight and advocacy role. In addition to developing tools and  
  methods to assesses the impact, PAFI in an advocacy role will also  
  utilize this information to explore options for addressing & minimizing  
  the impact of the portion of the fleet not addressed by a candidate’s  
  proposal. 
TASK No:            PROJ-I&E-5 
LEAD ORGANIZATION:   PAFI 
DELIVERABLE:         Ongoing during project phase 
TIMELINE:           See Below 
COST ESTIMATE:       See Below 
 

PAFI TASK PROJ- I&E-5 
Implementation 

Plan Item 
General FAA Other  

PAFI Members 

Roles Develop/identify tools 
and methods for fuel 
developers and PAFI to 
assess the impact of the 
segments of the fleet not 
addressed by candidate 
fuels. 

Participate as member  
of PSG Provide  
supporting data when  
requested. 

Provide supporting data  
when requested. 

Estimated Cost $60K $0 $60K 

 
TIMELINE: 
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4.1.1  PROJ-I&E-5 SUPPLEMENTAL INFORMATION 
 
Task I&E-5 is a PAFI Oversight and Advocacy role which provides for the development of the tools 
discussed beginning during the PAFI preparatory stage and actual assessments implemented in 
support of ARL 6.3.in the phase 1 project stage.   
 
ARL Section 6.3.c (Preliminary Business Plan) specifies the following. 
 
“c. Applicability:  Define fleet satisfaction concept relative to either actual aircraft cross section as 
defined in the FAA Aviation Fuels Reciprocating Engine Aircraft Fleet Fuel Distribution Report or 
BMEP/detonation propensity as defined by TBD report” 

 
5.0   ENVIRONMENT & TOXICOLOGY IMPLEMENTATION PLANS PROJECT STAGE 
 
There are currently no “Environment & Toxicology” tasks identified for the PAFI Project Stage. 
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Appendix G  

PAFI Deployment Stage Work Scope 

Implementation Plans Including Cost Estimates 

 

 

 

 

 

1.   Certification & Qualification Support Tasks 
2.   Test & Evaluation Support Tasks 
3.   Production & Distribution Support Tasks 
4.   Impact & Economics Support Tasks 
5.   Environment & Toxicology Support Tasks 

 

 

 

 

 

 

 

 

 

 

Note………..Appendix G contains the individual 
implementation plans for each PAFI task which 
supports the Deployment Stage. 
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1.0    CERTIFICATION & QUALIFICATION IMPLEMENTATION PLANS, 
 DEPLOYMENT STAGE  

1.1    C & Q TASK DEPLOY-C&Q-18   

 
TASK:              Educate/Engage FAA & Industry Stakeholders  
                  Owners/Operators 
WORKSCOPE:         Communicate new fuel certifications and field approval  
                  requirements. 
TASK No:            DEPLOY-C&Q-18 
LEAD ORGANIZATION:   FAA 
DELIVERABLE:         FAA SAIB describing new AVGAS approvals 
TIMELINE:           Post Project Stage  
COST ESTIMATE:       See Below 
 

PAFI TASK DEPLOY-C&Q-18 
Implementation 

Plan Item 
General FAA Other  

PAFI Members 

Roles FAA publishes SAIB 
and meets with other 
FAA organizations.   

 Develop and issue SAIB 
describing new fuel approval 
scope and referenced 
documents 

 Meet with Flight Standards 
(AFS) and Airports organizations 
to facilitate communication to 
airports and other facilities 

No support required 

Estimated Cost $0 $12K $0 

 
TIMELINE: 

 
 

Note: the timeframe for deployment could be significantly longer than shown depending upon 
impact of the new fuel. 
 

1.1.1  DEPLOY-C&Q-18 SUPPLEMENTAL INFORMATION 

The FAA PAFI member will develop and issue an SAIB describing the scope of approval and any 
other information for the initial candidate fuel approval.  This SAIB will be updated with each new 
fuel approval.  The FAA PAFI member will also coordinate with FAA Flight Standards and Airports 
divisions to arrange for communication of the new fuel approvals at industry seminars and other 
venues. 
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1.2   C & Q TASK DEPLOY-C&Q-19   

TASK:              Consider Leaded AVGAS Phase-Out Regulation 
WORKSCOPE:         Once unleaded AVGAS with least impact on the fleet has been  
                  identified, the FAA may consider both short term and long term  
                  regulatory action to facilitate the transition to unleaded AVGAS in  
                  consultation with the EPA. 
TASK No:            DEPLOY-C&Q-19 
LEAD ORGANIZATION:   FAA 
DELIVERABLE:         FAA Regulations for Existing and New Production Fleets 
TIMELINE:           Post Project Stage  
COST ESTIMATE:       See Below 
 

PAFI TASK DEPLOY-C&Q-19 
Implementation 

Plan Item 
General FAA Other  

PAFI Members 
Roles FAA coordinates with 

EPA and potentially 
engages in 
rulemaking process 
to issue new 
regulations.   

 EPA actions necessary prior 
to FAA regulatory task 

 FAA may initiate rulemaking 
project to develop, review, 
and issue new regulations 

Review notice of 
proposed rulemaking. 

Estimated Cost $0 $2M $36K 

 
TIMELINE: 
 

 
 

Note: the timeframe for deployment could be significantly longer than shown depending upon 
impact of the new fuel. 

 
1.2.1   DEPLOY-C&Q-19 SUPPLEMENTAL INFORMATION   

The FAA will consult with the EPA to determine what, if any, regulatory action should be 
considered to facilitate the transition to an unleaded AVGAS.  One potential eventuality would be 
that EPA may issue an Endangerment Finding and new emissions standard against lead in AVGAS.  
If this is the case, the FAA would need to issue an NPRM followed by a Final Rule to establish new 
fuel lead emission standards. 
 

2.0    TEST & EVALUATION IMPLEMENTATION PLANS DEPLOYMENT STAGE 

There are currently no “Test & Evaluation” related tasks defined at this time in support of the PAFI 
Deployment Stage. 



UAT ARC Final Report – Part II Appendices   February 17, 2012 

  

Appendix G Page A80 of A162 

 

3.0   PRODUCTION & DISTRIBUTION IMPLEMENTATION PLANS, DEPLOYMENT  
 STAGE 

3.1    P&D TASK DEPLOY-P&D-4   
 
TASK:              Establish PAFI Role in Deployment Phase 
WORKSCOPE:         Identify the role PAFI may play in facilitating deployment of fuel 
TASK No:            DEPLOY-P&D-4 
LEAD ORGANIZATION:   PAFI  
DELIVERABLE:         PAFI work plan for fuel specific deployment 
TIMELINE:           Deployment Stage  
COST ESTIMATE:       See Below 
 

PAFI TASK DEPLOY-P&D-4 
Implementation 

Plan Item 
General FAA Other  

PAFI Members 

Roles Lead working group to 
develop PAFI role in 
deployment.  

Participate as 
member of PSG. 

Participate in working group 
to develop PAFI role in fuel 
deployment. 

Estimated Cost $3K $0 $15K 

 
TIMELINE: 

 

 
 
Note: the timeframe for deployment could be significantly longer than shown depending upon 
impact of the new fuel. 

3.1.1  DEPLOY-P&D-4  SUPPLEMENTAL INFORMATION 

 
This task is a direct PAFI task that will be completed each time a fuel reaches the deployment 
phase of the ARL’s. The purpose of this task is to define additional tasks that PAFI can accomplish 
in support of the deployment of a specific fuel. This task is necessary due to the fact that 
deployment of a specific fuel will be dictated by that fuel’s intrinsic properties, including materials 
compatibility, production processes and compatibility with existing fuels. This task will also involve 
significant anti-trust considerations. This task will be completed by an industry/PAFI workgroup. 
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3.2   P&D TASK DEPLOY-P&D-5  
 
TASK:                Facilitate Deployment Stage 
WORKSCOPE: Facilitate compliance with third party non-ASTM 

standards/codes/requirements 
TASK No:              DEPLOY-P&D-5 
LEAD ORGANIZATION:     PAFI  
DELIVERABLE:           Advocacy 
TIMELINE:             Post Project Stage 
COST ESTIMATE:         See Below 
 

PAFI TASK DEPLOY-P&D-5 
Implementation 

Plan Item 
General FAA Other  

PAFI Members 

Roles Interact with third party 
compliance entities to 
facilitate deployment.  

Participate as  
member of PSG. 

Interact with third-party 
compliance entities to 
facilitate deployment of fuel. 

Estimated Cost $5K $0 $39K 

 
TIMELINE: 
 

 
 
Note: the timeframe for deployment could be significantly longer than shown depending upon 
impact of the new fuel. 
 

3.2.1   DEPLOY-P&D-5 SUPPLEMENTAL INFORMATION 
 
This task is a PAFI advocacy task that will be completed in the deployment phase. The purpose of 
this task will be to facilitate compliance with the third-party organizations that issue 
codes/standards/requirements that affect deployment of an unleaded fuel (identified in the final 
report for task PREP-P&D-3). This task will be completed by advocacy from PAFI and industry. 
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4.0    IMPACT & ECONOMICS IMPLEMENTATION PLANS, DEPLOYMENT STAGE 
4. 1   I&E TASK DEPLOY-I&E-6  
 
TASK:              Develop Leaded AVGAS Phase-Out Plan 
WORKSCOPE:         PAFI advocacy role. Facilitate deployment by working with FAA to  
                  plan phase out of leaded AVGAS & transition to unleaded AVGAS 
TASK TYPE:           Advocacy 
TASK No:            DEPLOY-I&E-6 
LEAD ORGANIZATION:   PAFI 
DELIVERABLE:         Advocacy & guidance 
TIMELINE:           See Below 
COST ESTIMATE:       See Below 
 

PAFI TASK DEPLOY- I&E-6 
Implementation 

Plan Item 
PAFI FAA Other  

PAFI Members 

Roles Oversight.  PAFI advocacy 
role. Facilitate 
deployment by working 
with FAA to plan phase 
out of leaded AVGAS & 
transition to unleaded 
AVGAS.  

Assist in leaded AVGAS  
phase out.  FAA and 
EPA coordinate as 
appropriate under 
respective authorities 
and obligations. 

Assist in leaded AVGAS phase  
out. 

Estimated Cost $30K  $0 $0 

 
TIMELINE: 
 

 
 
Note: the timeframe for deployment could be significantly longer than shown depending upon 
impact of the new fuel. 

 

4.1.1  DEPLOY-I&E-6  SUPPLEMENTAL INFORMATION 
 
This Task develops a plan for phase out of 100LL & transition to unleaded fuels.  Task I&E-6 is a 
PAFI oversight task which occurs during the PAFI Deployment Stage and has the objective of 
coordinating transition to a new AVGAS and phase out of the 100LL AVGAS. PAFI will work with 
EPA and FAA to phase out LL AVGAS. Quality and properties of the ultimate fuel will drive the 
implementation. 
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5.0   ENVIRONMENT & TOXICOLOGY IMPLEMENTATION PLANS DEPLOYMENT  
STAGE 

There are currently no “Environment & Toxicology” tasks identified for the PAFI Deployment 
Stage. 
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1)  Specification, fit-for-purpose, and environmental property issues 

The following table H-1 covers in greater detail specification, fit-for-purpose properties, and 
environmental issues for a new fuel and their impact on engine and aircraft safety, performance, 
and operability.  The determination of which of these parameters will require the most extensive 
testing is dependent on the complexity of any proposed fuel.   If a proposed fuel uses novel 
components there may be additional testing required to ensure the fuel is fit for the purpose it is 
intended and that it safely performs in engines and aircraft. 

Table H-1.  Specification, Fit-for-purpose, and Environmental Fuel Property Issues. 

Category Parameter Issues 

Specification Properties 

Combustion 

Octane (MON) Performance loss and engine damage 

Net heat of 
combustion 

(mass) 

Aircraft range and power output and fuel 
stoichiometry 

Fluidity Freezing point 
Fuel delivery at cold temperatures 
and aircraft operating limitations  

Volatility 

Distillation 10% Cold start, engine restart, and vapor lock 

Distillation 40% Vapor lock and hot fuel performance at altitude 

Distillation 50% Warm-up and transient throttle changes 

Distillation 90% 
Fuel mal-distribution; combustion chamber, fuel 

system, and intake manifold deposits 

Distillation end point 
Fuel mal-distribution; incomplete combustion; oil 
dilution considerations; combustion chamber, fuel 

system, intake manifold, and turbocharger deposits 

Distillation sum of 
10+50% 

Carburetor icing and vapor lock 

Reid vapor pressure Vapor lock, cold start, and engine restart 

Density 

Aircraft weight and balance, range, performance 
charts, fuel tank design, fuel loading, thermal 

expansion, fuel gauging, and fuel metering device 
considerations 

Corrosion 
 

Sulfur content Corrosion and operability 

Metals 
Corrosion, combustion deposits, operability and 

toxicology 

Contaminants Water tolerance 
Freezing, filter plugging, corrosion, water drop-out, 
phase separation, and water solubility of key fuel 

components 

Additives Dye 
Deposits, additive interaction, and grade 

identification 

Stability Potential gum 
Deposits, valve sticking, and carburetor /injector 

fouling 
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Additional Fit-For-Purpose Properties 

Co-mingling 
with legacy 

fleet 
infrastructure 

Materials 
compatibility 

Lap shear, cohesion, volume swell, tensile strength, 
elongation, tape adhesion, hardness, excess 

softness, peel strength, laminar sheer, compression 
set, resistivity, corrosion, embrittlement 

Lubricating oil 
interaction 

Fuel dilution, combustion products can affect oil 
lubricating properties 

Co-mingling with 
100LL 

Forwards and backwards compatibility 

Lubricity Engine durability and operability 

Dielectric constant Fuel gauging systems 

Electrical 
conductivity 

Dissipation of electrical charge buildup in fuel 

Combustion 

Flame speed 

Effective ignition timing, exhaust gas and valve 
temperatures, power output, peak cylinder 

pressures, fuel consumption, and aircraft cooling 
requirements.  May affect crankshaft torsional 

vibration, bearings and crankshaft, and crankcase 
stresses 

Inlet and combustion 
deposits 

Inlet valve life and closure, engine pre-ignition 
tendency and potentially progressive engine octane 

demand increase 

Fluidity 
Latent heat of 
vaporization 

Carburetor icing; modification of MON test to 
account for cooler combustion air temps 

Other Properties - Environmental 

Environment 
Exhaust, evaporative, 

and air toxic 
emissions 

Fuel should not be worse than 100LL 

 
 
 

2)  Fuel Chemistry Impact on Engine Detonation 

 The ExxonMobil Research and Engineering Company representative to UAT ARC provided an 

extensive and detailed presentation on why octane is so important and why the lead additive TEL 

is so effective in quenching free radical formation.  This presentation also illustrates why it is so 

difficult to replace the relatively small amount of TEL added with other chemicals.  This 

presentation is provided below and addressed the following questions: 

  What is knock? 

  How is a fuel rated in terms of knock? 

  How does a fuel affect knock susceptibility? 

  What is chemical mechanism of knock at a molecular level? 
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  Why don’t unleaded fuel MON and Supercharge Rich ratings guarantee engine 

satisfaction? 

 
The presentation also included a web-link to a video illustration of the chain reaction kinetics of 
the knock event.  Conclusions and take away points from the Exxon presentation are summarized 
as follows. 

  MON performance is dependent upon engine condition and fuel composition 

  Octane quality for new unleaded fuels could be defined by a single detonation test 

standard 

  Knock performance of  a new unleaded fuel must be correlated to the MON rating 

  Unleaded fuels demonstrate significantly more detonation sensitivity to changing 

engine operating conditions 
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3)  Impact of Unleaded Fuel Octane Requirement on Fuel Complexity  

UAT ARC members representing the FAA Technical Center, Cessna Aircraft Company, and  
ExxonMobil Research and Engineering Company provided a presentation on the relationship 
between fuel motor octane quality, fuel complexity, and the impact on engine and aircraft 
performance which is repeated as follows. 
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4)  Detonation Issues, their potential impact and related issues 

The following are detonation issues that were defined during deliberations of the UAT ARC R&D 

Focus Group. 

Detonation 
Issue #1 
 
 
 
 
 
 

 
 

Problem 
Statement 
 

An unleaded fuel possessing the same MON as a leaded fuel (that 
defines a given engine minimum octane requirement) may not 
provide a full-scale engine the octane performance it requires. 

Justification 
 
 

Motor octane number values must correspond to the minimum 
octane performance required by a given full-scale engine (that it 
was intended for) to ensure it is fit for purpose. 

Impact 
 
 
 

The solution may involve requiring an unleaded fuel to meet a 
MON value different (e.g. higher) than the minimum octane 
value the engine was originally certified on to ensure equivalent 
full-scale engine performance.  

Related 
Issues 
 
 

  Requiring higher octane values for unleaded fuels may result 
in the use of greater amounts of specialty chemicals, 
impacting other properties that may move the fuel out (or 
further out) of specification.  

  Use of mixtures of high octane components may result in 
significant antagonistic and synergistic effects of octane 
response. 

Path 
 
 

May require blend model relating fuel composition to both fuel 
MON and full-scale engine detonation performance in a high-
octane demand engine. 

 

 

Detonation 
Issue #2 
 
 
 
 
 
 

 
 

Problem 
Statement 
 

An unleaded fuel possessing a supercharged rich (SR) octane 
value significantly higher than a leaded fuel, known to satisfy a 
given full-scale engine, may not provide the same engine the 
octane performance it requires. 

Justification 
 

Supercharge rich octane values must correspond to the 
requirements of a full-scale engine to ensure the fuel is fit-for-
purpose. 

Impact 
 
 

The solution may involve dropping the supercharge rich octane 
requirement for an unleaded fuel, or satisfy a more relevant 
requirement to ensure equivalent full-scale engine performance. 

Related 
Issues 
 
 

  Use of mixtures of high octane components may result in 
significant antagonistic and synergistic effects of octane 
response. 

   Many unleaded fuels using aromatics have resulted in 
exceedingly high SR values, which do not correlate with 
engine anti-knock performance.  

Path 
 

TBD. May be a good fit for either an ASTM TF or a CRC research 
project. 
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Detonation 
Issue #3 
 
 
 
 
 
 

 
 

Problem 
Statement 
 

Current FAA Advisory Circular AC33.47-1, providing guidance for 
detonation testing, includes outdated test equipment and 
analyses methods. 

Justification 
 

Equipment and detonation analyses methods need to be updated 
to ensure proper FAA guidance reflective of current technology. 

Impact 
 
 

There is no assurance that different facilities are quantifying and 
assessing detonation in a manner that allows test results to be 
compared between facilities.  Assessing detonation must be 
reproducible and repeatable. 

Related 
Issues 
 
 

  Detonation instrumentation and combustion instability 
measurement methods have not been standardized or 
correlated among the FAA Tech Center, engine DAH, and 
others. 

  There is no agreement on what constitutes limiting 
detonation among FAA Tech Center researchers, engine DAH, 
and others 

Path 
 

Establish coordinated test plan with engine DAH and FAA TC. 
Results feed into certification. 

 

Detonation 
Issue #4 
 
 
 
 
 
 

 
 

Problem 
Statement 
 

Detonation instrumentation and combustion instability 
measurement methods have not been standardized or correlated 
among the FAA Tech Center, engine DAHs, and others. 

Justification 
 

Equipment and detonation analyses methods need to be 
compatible to ensure a common understanding of fuel anti-knock 
response. 

Impact 
 
 

There is no assurance that different facilities are quantifying and 
assessing detonation in a reproducible and repeatable manner 
that would allow test results to be compared and correlated. 

Related 
Issues 
 

There is no agreement on what constitutes limiting detonation 
among FAA Tech Center researchers, engine DAHs, and others. 

Path Establish coordinated test plan with DAHs and FAA TC 

 

Detonation 
Issue #5 
 
 
 
 
 
 

Problem 
Statement 
 

There is no agreement on what constitutes a limiting detonation 
threshold among FAA Tech Center Researchers, engine DAHs, 
and others. 

Justification 
 

Limiting detonation needs to be defined and standardized. 

Impact 
 
 

Arbitrary, unsubstantiated, and inconsistent limiting detonation 
levels may lead to greater deviations from important safety and 
fuel performance specification properties. 
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Related 
Issues 
 

Detonation margins should account for inconsistent fuel 
detonation onset response signatures. 

Path Establish coordinated test plan with DAHs and FAA TC.  Limiting 
detonation threshold feeds into Issue #3.  Results feed into 
certification for AC 33.47 revision. 

 

Detonation 
Issue #6 
 
 
 
 
 
 

 
 

Problem 
Statement 
 

Detonation onset response for unleaded fuels is different from 
leaded fuels and can affect detonation margin. 

Justification 
 

Limiting detonation levels should take into account the 
differences in detonation onset rates with engine operating 
changes. 

Impact 
 
 

Reduced detonation margins may be realized when a fuel 
demonstrates greater detonation intensity increases due to 
changes in engine operating conditions. 

Related 
Issues 
 

Increased detonation margin may lead to use of greater amounts 
of more exotic components thus decreasing operational safety 
margins in other important specification and fit-for-property 
areas. 

Path Establish coordinated test plan with DAHs and FAA TC.  Limiting 
detonation threshold feeds into Issue #3.  Results feed into 
certification for AC 33.47 revision. 

 

Detonation 
Issue #7 
 

Problem 
Statement 
 

A large percentage of the fleet may require engine and/or 
airframe modifications to compensate for the reduced octane 
performance of unleaded fuels. 

Justification 
 

Research is needed to demonstrate equipment/methods to 
compensate for necessary octane requirement reduction. 

Impact 
 
 
 

 There may be significant impact on the fleet, with some 
engines and airframes being unable to accommodate 
significantly reduced octane fuels. 

 There may be significant impact to cost of 
ownership/operation and exhaust emissions. 

Related 
Issues 

Extensive fleet modifications may require considerable 
recertification efforts. 

Path See Roadmap 
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Environmental Considerations 
 
During the UAT ARC deliberations, the EPA representative of the Office of Transportation and Air 
Quality provided a presentation which summarized the EPA’s position and status regarding lead 
emissions from piston engine aircraft.  The EPA presentation addressed the following topics. 

   EPA’s role and responsibility in the Clean Air Act 

   The National Ambient Air Quality Standard for Lead 

   The Advance Notice of Proposed Rulemaking (ANPR) 

   Next Steps 

In 2006, the Friends of Earth (FOE) petitioned the EPA to do the following.  

  “Make a finding under the Clean Air Act (CAA) that lead emissions from General Aviation 
aircraft engines cause or contribute to air pollution which may reasonably be anticipated to 
endanger public health or welfare and issue proposed emission standards for such lead 
emissions or, alternately, 

 If the Administrator of the EPA believes that insufficient information exists to make such a 
finding, commence a study and investigation under the CAA of the health and 
environmental impacts of lead emissions from General Aviation aircraft engines, including 
impacts to humans, animals, and ecosystems, and issue a public report on the findings of 
the study and investigation.” 

“Take-Away Points” from the EPA presentation are summarized as follows.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

EPA “Take Away Points” 

 “EPA has not proposed to ban AVGAS.” 

 “EPA has a duty to respond to FOE’s request that we evaluate the question of 

endangerment and we are focused on that issue.” 

 “EPA is at the first step of a long process and has made no decisions.” 

 “EPA recognizes the value of piston-engine aircraft in the U.S., including Alaska. 

 As part of any future assessment of control measures, EPA would consider 

safety, fuel supply, and economic impact issues including effects on small 

businesses.” 

 “EPA is committed to working closely with FAA, States, Industry, and user 

groups to keep piston-engine aircraft flying in an environmentally acceptable 

and safe manner throughout the U.S.” 

 EPA is committed to FAA’s ARC process and will provide input and contribute 

where we are able.” 
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The following link provides additional information on EPA lead AVGAS work.   

www.epa.gov./otaq/aviation.htm 

The following link provides additional information on the NAAQS relative to lead. 

www.epa.gov/air/lead/ 

 

Fuel & Emissions Regulations 

ARC discussions included the statutory responsibilities of the EPA and FAA as related to regulatory 
control of piston engine exhaust emissions.  In the event of a positive endangerment finding, the 
EPA must consider aircraft engine emission standards and the EPA and FAA must work in 
consultation so that necessary and appropriate considerations are given to safety, noise, costs, 
and the ability and time needed to implement new technology.  Only the FAA can issue regulatory 
standards for the affected aviation products.  A subsequent discussion focused on the question of 
how the EPA and FAA work together on emissions regulations for aviation products.  The latter 
discussion was captured as a “Bin Item” relative to interpretation of 49 USC 44714.  The following 
chart illustrates the statutory interaction between the FAA and the EPA regarding leaded AVGAS. 

 

1Federal Aviation
Administration

EAA AirVenture

July 30, 2011

No action needed by 

EPA or FAA

EPA and FAA Regulatory Process

EPA proposes emission 

standards in consultation with 

FAA (including assessment of 

noise, safety, cost, and lead time)
FAA fuel standards or 

technology standards 

to enable aircraft 

emission compliance 

with EPA standards

YES

NO

CAA 
 

231(a)(2) (A)

CAA 
 

231(a)(2) 

(B)(i), (ii) and (b)

49 USC        
44714

Clean Air 

Act (CAA)

Title 49 US Code
EPA Action

FAA Action

EPA receives and 

analyzes public 

comments on the 

proposed emission 

standards

Do lead emissions from 

piston-engine aircraft 

using leaded avgas 

cause or contribute to air 

pollution which may 

reasonably be 

anticipated to endanger 

public health or welfare? 

CAA 
 

232

CAA 
 

231(a)(3) 

and (b)

EPA finalizes emission standards 

in consultation with FAA 

(including assessment of noise, 

safety, cost, and lead time)
 

 

 

http://www.epa.gov./otaq/aviation.htm
http://www.epa.gov/air/lead/
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If a draft proposed standard would significantly increase noise or adversely affect aircraft safety, 
then the draft standard would not be proposed or promulgated by EPA.  Moreover, if the 
President, after notice and opportunity for a public hearing disapproves a proposed or 
promulgated standard on the basis of a finding by the Secretary of Transportation that such 
standard would create a hazard to aircraft safety; the proposed or promulgated standard shall not 
apply.     

Excerpts from both the Clean Air Act and the U.S. Transportation Code that identify EPA and FAA 
authority to regulate aircraft emissions and fuel are included at the end of this Appendix.   

Potential Impact of Environmental Regulatory Activity  

During the UAT ARC deliberations, the impact of regulatory action was assessed in terms of near 
term and long term considerations as follows. 

   Near Term – Monitoring for Lead at Airports to Evaluate Compliance with the National  
Ambient Air Quality Standards (NAAQS) for Lead 

   Long Term – Endangerment Finding on Lead from General Aviation  

In 2008, the EPA strengthened the national ambient air quality standards (NAAQS) for lead, by 
revising the standards to a level 10 times tighter than the previous standard in order to improve 
health protection for at-risk groups, especially children. Related to this revision, under EPA 
regulations lead monitoring is required at 15 General Aviation airports by the end of 2011. Each 
State will be looking to reduce all sources of lead in non-attainment areas. A positive finding of 
endangerment from aircraft engine lead emissions under the Clean Air Act requires the EPA to 
propose the establishment of lead emission standards which raises concerns regarding the impact 
on GA.  
 
UAT ARC discussions addressed the interaction of the EPA and the FAA, and the need to fully 
understand the statutory aspects which are tools available to industry; regulatory considerations 
influence the ARC “road map”.  The EPA intends to determine whether aircraft engine lead 
emissions cause or contribute to air pollution which may reasonably be anticipated to endanger 
public health or welfare, and, if EPA determines that they do, the EPA is required to prescribe 
aircraft engine emission standards and the FAA is required under the U.S. Transportation Code to 
regulate fuel specifications in order to control or eliminate emissions that have been found to 
cause endangerment.  Considerations must be given to safety, noise, costs, and the ability and 
time needed to implement new technology.  As a result, the EPA and FAA must work in 
consultation to ensure both appropriate standards and aircraft safety.  It was discussed that the 
EPA does not have regulatory authority to regulate fuels used exclusively in aircraft.  The need to 
have the FAA and EPA move forward collaboratively is essential to the outcome.  A good 
understanding is required so that the industry can transition to a new fuel either with, or without, 
an endangerment finding.   
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Clean Air Act (CAA) Excerpt Which Identifies EPA Authority 

As discussed in Section 3.7, the EPA is authorized under section 231(a)(2)(A) of the CAA (42 U.S.C. 
§ 7571(a)(2)(A)) to determine if aircraft engine lead emissions cause or contribute to air pollution 
which may reasonably be anticipated to endanger public health or welfare (referred to here as the 
“endangerment finding”.   Furthermore, if the EPA makes a positive  endangerment finding,  then 
the EPA would be required under CAA section 231(a)(2)-(3) to prescribe standards applicable to 
the emissions of lead from General Aviation engines, and the Secretary of Transportation would be 
required under CAA section 232 to prescribe regulations to ensure compliance with such standards 
(42 U.S.C. § 7572).  The following is an excerpt of the applicable sections of the CAA. 

“CAA TITLE II - EMISSION STANDARDS FOR MOVING SOURCES  

Part B - Aircraft Emission Standards 

Sec. 231. Establishment of standards. 

Sec. 231. (a)(1) Within 90 days after the date of enactment  of 
the  Clean  Air  Amendments  of  1970,  the  Administrator  shall 
commence a study and investigation of emissions of air pollutants 
from aircraft in order to determine-  
       (A) the extent  to which such emissions affect air quality 
     in air quality control regions throughout the United States, 
     and 
       (B)  the technological  feasibility  of  controlling  such 
     emissions. 
  (2) The Administrator shall, from  time to time, issue proposed 
emission  standards  applicable  to   the  emission  of  any  air 
pollutant  from any class or classes of aircraft engines which in 
his judgment causes,  or contributes to, air pollution  which may 
reasonably be anticipated to endanger public health or welfare. 
  (3) The  Administrator shall hold public  hearings with respect 
to  such proposed standards.  Such hearings shall,  to the extent 
practicable,  be held  in air quality  control regions  which are 
most  seriously affected  by aircraft  emissions. Within  90 days 
after the issuance  of such proposed regulations,  he shall issue 
such regulation with such  modifications as he deems appropriate. 
Such regulations may be revised from time to time. 
  (b)  Any  regulation prescribed  under  this  section (and  any 
revision  thereof) shall  take effect  after such  period  as the 
Administrator  finds  necessary   (after  consultation  with  the 
Secretary  of  Transportation)  to  permit  the  development  and 
application  of  the  requisite  technology,  giving  appropriate 
consideration to the cost of compliance within such period. 
  (c) Any regulations  in effect  under this section  on date  of 
enactment  of the Clean Air Act Amendments of 1977 or proposed or 
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promulgated thereafter,  or amendments  thereto, with respect  to 
aircraft shall not  apply if disapproved by the  President, after 
notice  and opportunity  for public  hearing, on  the basis  of a 
finding by the Secretary of  Transportation that any such regula- 
tion would create a  hazard to aircraft safety. Any  such finding 
shall include  a reasonably specific statement of  the basis upon 
which the finding was made. 
[42 U.S.C. 7571]” 

 

“Sec. 232. Enforcement of standards. 
Sec. 232. (a) The  Secretary of Transportation, after consulta- 
tion  with  the  Administrator, shall  prescribe  regulations  to 
insure compliance with all standards prescribed under section 231 
by  the  Administrator.  The  regulations  of  the  Secretary  of 
Transportation  shall  include provisions  making  such standards 
applicable  in the issuance, amendment, modification, suspension, 
or  revocation  of  any  certificate authorized  by  the  Federal 
Aviation  Act  or  the  Department of  Transportation  Act.  Such 
Secretary  shall  insure  that   all  necessary  inspections  are 
accomplished, and, may execute any power or duty vested in him by 
any other provision  of law  in the execution  of all powers  and 
duties vested in him under this section. 
  (b)  In any  action  to amend,  modify,  suspend, or  revoke  a 
certificate in which violation of an emission standard prescribed 
under section 231  or of a regulation prescribed under subsection 
(a)  is  at issue,  the certificate  holder  shall have  the same 
notice  and appeal rights as  are prescribed for  such holders in 
the  Federal  Aviation   Act  of  1958   or  the  Department   of 
Transportation  Act, except  that in  any appeal to  the National 
Transportation  Safety Board,  the  Board may  amend, modify,  or 
revoke  the order of the  Secretary of Transportation  only if it 
finds no violation of  such standard or regulation and  that such 
amendment, modification, 
or revocation is consistent with safety in air transportation. 
[42 U.S.C. 7572] 

 

Sec. 233. State standards and controls. 
Sec. 233. No  State or political subdivision  thereof may adopt 
or attempt to  enforce any standard  respecting emissions of  any 
air pollutant  from any aircraft  or engine  thereof unless  such 
standard is identical  to a standard applicable to  such aircraft 
under this part. 
[42 U.S.C. 7573]” 
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U.S. Transportation Code Excerpt Which Identifies FAA Authority  

In the event of EPA action, as discussed in Section 3.7, the FAA would be required under section 
44714 of the U.S. Transportation Code to prescribe standards for the composition or chemical or 
physical properties of AVGAS to control or eliminate aircraft lead emissions  (49 U.S.C. § 44714). 
The following is an excerpt of 49 U.S.C. § 44714. 
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ASTM Background  
UAT ARC Assessment 

 
The American Society for Testing and Materials (ASTM International) was formed in 1898 for the 

purpose of collecting, standardizing and disseminating technical knowledge.  The main committee 

on Petroleum Products and Lubricants was formed in 1904 with the first commercial aviation 

gasoline (Avgas) specification being issued in 1942.  The significance of this is that ASTM, as a 

consensus organization, has been involved from the first commercial Avgas product.  ASTM 

remains open to all parties involved with Avgas, ensuring the inclusion of those interested in 

maintaining the myriad aspects of Avgas.  Having this wide range of input ensures the 

development of a robust specification.  This input spans from production, testing, storage and 

transportation to commercial and government end users throughout the world. 

ASTM produces an annual book of standards that include test methods, specifications, practices, 

guides and special technical publications including manuals directly related or specific to Avgas. 

Commercially in the US, ASTM Avgas standards are widely used to describe fuel quality for 

purchases under contract by purchasing agencies. 

With regard to the US government, Public Law PL 104-113 directs “all Federal agencies and 

departments to use technical standards that are developed by voluntary consensus standards 

bodies, using such technical standards to carry out policy objectives or activities determined by the 

agencies and departments.”  Moreover, most state and local agencies use ASTM standards when 

regulating fuel quality.  The US military specification MIL-G-5572 was dropped in 1989 and now 

buys its Avgas to ASTM D910. 

Commercially, outside of the US, ASTM or UK Defense Standardization standards (Def. Stan.) are 

used.  The choice typically depends on individual country practices and is often specified in 

international contracts.  Specific to fuel, Avgas is either specified by ASTM D910 or Def. Stan. 91-90 

(formerly DERD 2485). 

There are three main places where the specification is applied.  The first is at the point of 

manufacture, where the fuel must meet the specification before the producer can ship the 

product.  The second is at the point of custody transfer, where the fuel must meet the 

specification whenever title is transferred from one party to another (e.g., refinery to ship or 

barge).  The third is at the point where the fuel is being loaded into an aircraft. 

As stated above, representatives from those involved with myriad aspects of Avgas constitute the 

membership of the key committees.  Members are classified as users, producers or general 

interest.  A user member represents an organization which purchases or uses the product (e.g., 

Aircraft operators, Engine, Airframe and accessory manufacturers etc.).  A producer member 

represents an organization that manufactures or sells Avgas.  A general interest member is one 
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that does not fit into the user or producer categories (e.g., pipeline, research organizations, 

independent labs, consultants etc.).  Specific to committee representation, all voting committees 

must have a combined majority of user and general interest members over producer members.  

The current ratio of users and general interest members to producers is on the order of 2 to 1.  

Moreover, each organization has a single vote at each voting level.  The main committee (D2; 

Petroleum Products), the product subcommittee (J; Aviation Fuel) and the working section (J2; 

Spark Ignition and Compression Ignition Aviation Engine Fuels) constitute the levels relevant to 

Avgas.  The actual writing of a standard or specification takes place at the section level.   

ASTM standards or specifications are voted on by written ballot. Balloting for a new or revised 

standard begins at the subcommittee level and progress through main committee and society 

ballots.  At each level a member can cast a negative ballot, citing technical objections.  For a 

negative to be valid it must be technically based.  Each negative must be discussed and formally 

voted on.  If a negative is considered persuasive the ballot fails, but equally, if a negative is voted 

non-persuasive by the group of voting members, the ballot passes. 

The above description of ASTM International should make clear the need for any new fuel 

development to occur in concert with ASTM, as safety of flight is maximized by addressing 

innumerable issues related to fuel production, handling and distribution.  In addition, ASTM 

specifications would guarantee uninterrupted transport and transfer of a new Avgas domestically 

and internationally.  Current aviation fuel products, including Avgas, possess an ASTM 

specification.  An ASTM specification would also eliminate potential issues with Federal, State and 

local government agencies that purchase or regulate any aviation fuel. 

The FAA is a key voting member in ASTM and is currently collaborating with the aviation industry 

to develop policies, methods, and specifications to facilitate the introduction of alternative 

aviation fuels.   Any new policies and or methods will need to be thoroughly vetted and any new 

fuel evaluated well beyond current specification properties.  Quality control, safety and ground 

support equipment compatibility are a few of many important issues related to a new Avgas that 

will need to be evaluated to ensure any new fuel will remain fit-for-purpose. 

ASTM, in cooperation with the FAA, recently introduced a “Test Specification” designation 

allowing new developmental fuels to rapidly progress through the ASTM process.  Moreover, it 

provides a standard which can be used to ensure each batch of a potential new fuel remains 

consistent batch to batch throughout the fuel and engine testing process.    
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Industry DAH Non-Recurring Cost Estimates 

The following is an estimate of industry DAH non-recurring costs associated with development, 
certification, and retooling as may be necessary to accommodate changes to engine and aircraft 
models for approval to operate with unleaded aviation gasoline whose composition and 
performance properties represent an impact on current FAA approval status.  The following are 
ROM (rough order of magnitude) estimates only and are dependent upon ultimate fuel quality and 
composition. 

Assumptions  

   Total non-recurring Development, Test, Certification, and Tooling cost per engine or aircraft 
model family except where noted 

    Ranges based on complexity of change & scope of certification / range of model 
applicability 

   Cert costs only (application, coordination, cert plan, and cert report only) start at 
approximately $10,000 for a ‘simple’ change (no more than 2-3 paragraphs, 1 or 2 model 
applicability) 

 

Engine Level Changes 
 

   Ignition system changes - no software or complex hardware: $50,000 to $500,000 

   Engine compression ratio change – existing pistons: $100,000 to $500,000 

   Engine compression ratio change – new pistons: $250,000 to $1,000,000 

   Electronic Engine Control – single channel, mechanical backup: $250,000 to $1,000,000 

    Derivative engine – combustion chamber, valve train, cylinder changes: $1,000,000 to 

$5,000,000 

    Electronic Engine Control – dual channel: $5,000,000 to $10,000,000 

o Initial cost for testing, component development, and first certified application 

o $100,000 to $500,000 for each follow-on engine model or model family 

   All new engine: $50,000,000 to $80,000,000 

Aircraft Level Changes 

 
   Induction or Exhaust system changes – excluding adding turbochargers or intercoolers: 

$50,000 to $250,000 

   Fuel system changes to address material compatibility: $50,000 to $250,000 

o Initial cost for testing, component development, and the first certified application 
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o $20,000 to $50,000 for each follow-on aircraft model or model family that can use 

the same compatibility data. 

   Aircraft performance changes testing only – due to lower octane fuel or engine changes: 

$50,000 to $250,000 

   Add turbocharger or intercooler to an engine installation: $250,000 to $1,000,000 

   Firewall forward engine installation: $1,000,000 to $5,000,000 

   Derivative aircraft – firewall forward engine installation + aircraft changes to address 

weight & balance, loads, and performance deltas: $2,000,000 to $10,000,000 

   All new aircraft, single engine: $50,000,000 to $100,000,000 
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